
1.A.R 1.6. 

OIP NLK— H.3 I.A.R.i.— W 


Delhi 




THE 


JOURNAL OF ECOLOGY 

KDITKD I- OR ^11 II': 

BRITISH ECOLOGICAL SOCIE i V 

W. ll. l^F.ARSArJ, 

! 9 4 ;-4 6 

WWW IWl-I.N'i: IM,ATK>, AND NlAMKROl'S 
1 IN TIM' Tl'.XT 



CAMBRIDGE 
AT THE UNIVKRSri Y PRESS 

1 946 



CAMBRIDGE UNR'ERSITY PRESS 
LONDON: BENTLEY HOUSE 



hJMBAY, CALCUTTA, MADRAS: MACMII f AN 

AU n^ht. rc^cr^rcd 


PRINTED IN GREAT BRITAIN AT THE UNIVERSITY PRESS, CAMBRIDGE 
(BROOKE CRUTCHLEY, UNIVERSITY PRINTER) 



C O N T E N T S 


I‘A(; 1', 

OKKMNAl. PAPERS 

J. S. Beard. "l"lie Pr-ngress of Sviccossion fin the Sfiufriere of S1 \ ineont. 

(W ith TMates I arid 2 and one Figure in the dVxt) ..... | 

J. S. Beard. The Mora Forests of Trinidad, Piritisli W est Indies. (W'itli six 

Figures in the Text) . . . . . . . . . ]7‘{ 

R. W. Butcher. Studies in tlie Ecology of Pivfn-s. \d. Tlie Al^ad (h’owtli in eertain 

Hi)j:lily Falearefius Streams. (W'ith four Figures in tlie Text) . . . 2().S 

E.W. Jones, d'he I{e<j^ener}i1 ion of Douglas V\]\ ]^HriidofsUif(i inxijolia Iiritt., iji the 

New Forest. (W itli two h'ij^nres in tlie IVxt) ...... 44 

J. M. Lambert. I’he Distribution and Status of Uhfrpria mxixnnd ( Hartni. ) Holnih. 
in t he Region of Sui'linj^liarn a,nd Ro(*kland Broads, Norfolk, (\\hth Plates 11 
a,nd 12 and elex en Figures in tlie I'ext) ....... 2.*]e 

G, H. Locket. ()bser\at ions on the ( ‘olonization of Bare (Talk. (With Plate Id 

and one Figure m the Text) ..... .... 20.') 

G. H. Locket. .\ V reliniinary Investigation of the Availability to Plants of tlie 

Water in Chalk. (W'ith four Figures in the Text). .... 222 

Eric M. Marsden- Jones and W. B. TurrilL Sixth Re})ort of the Transplant 

Ex})erirnents o{’ tht' British i^a:*ologieal Soeiety at lN>tterne. iltshire . . .j7 

Nicholas Folunin. Plant lafe in Koiigsfjord, W est S])itsi)ergen. (With lUates 6-9 

and one Figure in tin* Text) ......... 82 

E. G. Pringsheim. The ITphasie or SoiPwater Culture .Method for Crowing Algae 

and Flagellata. (With two Figures in the Text) ...... 199 

A. S. Thomas. Tlie N'egetation of some Hillsides in rganda. Illustrations of 
Human Intluenee in Tropical Ecology. 1. (With Plates 9—5 and eight Figures 
ill the Text) ............ Id 

A. S. Thomas. Tlie \T>getation of some Hillsides in Cganda. Illustrations of 

Human Intluenee in Tropical Ecology. 11 . . . • • • • laJ 

R. D. Tweed and N. Woodhead, A consideration of Juncus cjjusus L. and 

Junmis conglomcratus L. . . . . . . • • • .210 

John Wilkinson, Some Factors alTeeting the Distribution of the Capi'oae Croup 

of Salix in Cower. (With one Figure in the Text) • • 214 

BRITISH ECOl.OGICAL SOCIETY. Symposium on ‘The Ecology of Closely Allied 

Species' . . . . . . . . • • .115 



REVIEWS PAGE 

\^Mecent Papers on soils and vegetation in Ceylofi . . . . . . .109 

The Structure and Reproduction of the Algae . . . . . .112 

Problems in tree nutrition ........ . 112 

^ Journal of Animal Ecology (Yo\, 13, No. 1) . . . . .113 

Recent Advances in the Chemistry and Biology of Sea tvater .... 284 

Farttving and Gardening for Health or Disease . . . . . . .284 

Our Heritage of Wild Nature ........ 285 

‘The Impact of War on the Wiltshire Flora’ ..... 285 

PAPERS OF ECOLOGICAL INTEREST RECEIVED . . . 114, 286 

BIOLOGICAL FLORA OF THE BRITISH ISLES 

Accounts Published or in Preparation . . . . . . . .291 

Polygonu7n L. em. Gaortn. By N. W. Simmonds . . . . . . . 117 

Polygonum persicarki L. By N. W. Siminond.s. (With three Figures in the Text) . 121 
Polygonum lapathifolm^^^ By N. W. Simmonds. (With Hvo Figures in the Text) 132 
Polygonmn petecticale (Stokes) Druce. By N. W. Simmonds. (With two Figures 

in the Text) ............ 140 

Gentiana pneumonanthe L. N. W. Simmonds. (With four Figures in the Text) . 295 

BRITISH ECOLOGICAL SOCIETY 

Check List of British vascular plants ....... 308 

Annual Meeting Report ... .287 

Revenue Accounts for 1944-45 ... . 348 

List of Members .... 144, 352 



Volume 38, No. 1 


October 1945 


THE PROGRESS OF PLANT SUCCESSION ON THE 
SOUFRIERE OF ST VINCENT 

By J. S. beard, Colonial Forest Service 
{With Plates 1 and 2 arid 1 Figure in the Text) 

Introduction 
The island of St Vincent 

The Soufriere of St Vincent is one of the two still inter niittently a(;tive volcanoes in the 
West Indies, the other being Mont Pelee in Martinique. The island of St Vincent is one 
of the most southerly of the Lesser Antilles, lying about latitude 13"^ N. and longitude 
6U W., and forming a part of the British colony of the Windward Islands. The island 
is roughly elliptical in plan (Fig. 1) with a greatest length of about 29 km. (18 miles) 
and a greatest breadth of nearly 18 km. (11 miles). Structurally it is a young volcanic 
pile and is exceedingly mountainous. The dominant feature is a Main Ridge which rises 
sharply from the sea in the south to Mount St Andrew (742 m., 2433 ft.) and runs slightly 
east of north through the Grand Bonhomrne (974 m., 3193 ft.) to the Morne Garu 
Mountains and Richmond Peak (1076 m., 3528 ft.). Here there is a deep trough across 
the island, north of which rises the Soufriere as a solitary cone, its highest point touching 
1246 m. (4084 ft,). 

St Vincent is well watered, the total annual precipitation rarely falling below 200 cm. 
at any point. In the mountains the rainfall is probably at least 380 cm. (150 in.) without 
any effective dry season. The cultivated coastal belt receives 200-255 cm. (80-100 in.), 
with a dry season from February to May when the ground may become somewhat 
parched. Hurricanes are of frequent occurrence. The earliest on record occurred in 1780 
and did great damage. There was a slighter storm in 1819, severe ones in 1830 and 1886, 
a slight one in 1897 and a severe blow in 1898. Finally, a moderate hurricane struck the 
island in 1921. 

St Vincent's population is mainly of African descent and averages about 400 to the 
square mile (155 per sq. km.). Only the lower coastal lands, about tw^o-fifths of the area, 
are populated. The chief crops are arrowroot, cotton and canes. The interior mountains, 
aggregating three-fifths of the island's area, are either volcanically devastated or are 
too steep and inaccessible for even the West Indian peasant to cultivate. A considerable 
extent of interesting natural vegetation is therefore still in existence. 

History of vulcanisfn 

On the discovery of St Vincent by Europeans, aboriginal Caribs were found to live 
in dread of a potent deity who dwelt at the summit of the great mountain in the north 
of the island. Propitiatory offerings were made to avert; periodic wrathful emissions of 
fire and brimstone. It is on record that the mountain erupted in 1718, but the island 
had not then been settled. A second eruption took place in 1812, with some destruction 
of life and property and a third outbreak in 1902-3 when tw^o thousand persons lost 
J. Eool. 33 ^ 
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their lives. On the last two occasions a rain of dust occurred in Barbados, 100 miles to 
the east. 

Vulcanism in the southern part of St Vincent is long since extinct, but the country 
is still topographically immature and the soils and rocks are nowhere deeply weathered. 
The Soufriere being still intermittently active, its slopes are covered with loose debris 
which is rapidly eroded. The streams descending from it flow only after rain-storms. 
They rise in active gully systems and, after falling down deep channels, empty into the 
sea over huge outwash fans of black sand and shingle. The present crater of the Soufriere 
is about ] •() km. (1 mile) in diameter and 305 m. deep to the surface of the lake it contains. 
This lake is of unknown depth and has no outlet. The water is deep green in ( olour and 
the inner walls of the crater fall almost sheer to it. The height of the crater rim above 
sea-level varies around 1000 m., and on the north side, set back about a quarter of a 
mile (0*5 km.), it is bordered by a remnant of an older, larger crater rim which attains the 
mountain’s full height of 1246 rn. (4084 ft.) and which evidently bears the same relation 
to the present crater as the famous Monte Somma does to the present crater of Vesuvius. 

The geology of St Vincent has been described by Earle (1928) and studies of the most 
recent eruption have been published by Anderson & Flett (1902), Smith (1902), an 
anonymous writer (1903), Anderson (1908) and Tempany (1917), among numerous others. 

The principal events of the eruption of 1902-3 took place as follows. Early in 1902, 
premonitory earthquake shocks were felt. On 6 May the crater lake boiled and flowed 
over, clouds of steam were emitted and great detonations heard. Next day, at 2 p.m., 
[I tremendous incandescent avalanche of red-hot dust and steam swept over all the slopes 
of the mountain and all vegetation appears to have been burned off. Explosive ejections 
of dust, ashes and lapillae continued at intervals for 12 months, after which the volcano 
became again cjuiescent and the crater was sealed. Material was deposited on the mountain 
slopes to a dej)th of roughly 1 ft., burying the carbonized remains of the original vegetation. 

The vegetation types of St Vincent 

The greater part of the forest in the mountains of the southern part of St Vincent, even 
though it has not suffered from recent volcanic activity, is of subclimax type owing to 
the regular hurricanes which periodically destroy large trees and thus prevent development 
of the climax montane rain forest. Ascending towards the Main Ridge, permanent 
cultivation is mainly found to cease at between 300 and 400 m., the higher land in this 
island being too steep for settled agriculture, although there is a zone of shifting cultivation 
where peasants have rented parcels from the Crown and cleared forest to plant vegetables. 
These ‘gardens’ are generally surrounded by high rain forest in a good condition as there 
is little felling of timber, and it has been the practice in recent years to restrict the 
peasants to felling only old second growth for their gardens. This forest is climax and 
belongs to the formation lower montane rain forest as defined by Beard (1944). 1 loristically 
it belongs to the Dacryodes-Sloanea association which is found on all the mountainous 
islands of the Lesser Antilles. 


Lower montane rain forest 

The community may be briefly characterized as follows. There is a closed canopy some 
25 m. (80 ft.) above the ground, dominant trees attaining about 30 m. (100 ft.). There 
is a lower tree stratum, a shrub layer and a ground layer. Tree boles are long and clean, 

1-2 
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giving the usual columnar effect of rain forest. There are few Hanes and crown epiphytes 
but much moss on trunks and branches. Tree ferns are occasional in the shrub layer which 
is only moderately dense and composed of young trees and bushes, the latter mainly 
rubiaceous. A palm, Euterpe hagleyi, forms about 25% of the whole forest crop and 
forms part of the canopy. All the trees are evergreen. Ground vegetation is exceedingly 
luxuriant and forms a dense knee-high tangle of ferns, moss, Heliconias, small dicoty- 
ledonous herbs and tree seedlings. Gommier {Dacryodes eoocelsa Vahl.) is the most 
abundant tree and forms about 25% of the forest. The Euterpe forms another 25%. 
Other component frees are sarinette (Ormosia rnonosperma (Sw.) Urb.), ironwood {Sloanea 
sinemariensis Aubl.), wild star apple {Micropholis sp.), bullet {Manilhara riedleana 
Pierre), sweetwood {Lauraceae spp.), marouba (Simaruba amara Aubl.) and horseflesh 
mahogany {Hieronyma caribaea Urb.). 

Hurricane forest (PI. 1, phot. 1) 

At about 500 m. (1600 ft.) elevation, as one ascends, the forest suddenly becomes 
patchy. Big old trees of Sloanea sinemariensis are found standing isolated in younger 
growth of In^ga ingoides, Cecropia peltata and tree ferns (Cyathea sp.), or there are young 
thickets of Dacryodes excelsa and its associates mixed with much Prestoea niontana and 
Inga ingoides. Quite quickly regular subclimax hurricane forest is entered though 
isolated big trees persist for a while. In some of the more sheltered parts of the mountains 
such as on Mount St Andrew, secondary timber forest of Chimmrhis cymosa, Manilkara 
riedleana and Daphnopsis caribaea is found, but as a general rule ‘hurricane forest’ 
occupies the whole mountain zone between the lower montane rain forest and the elfin 
woodland of the highest peaks. Evidently the full force of the wind during the hurricanes 
which are so frequent in St Vincent is felt above 500 m. elevation. Lower down the 
forest resists serious damage, but above that level any large trees are periodically over- 
turned, so that development towards the climax is continually being set back. Doubtless 
the effect of the wind is aggravated by the exceedingly steep slopes and shallow soil 
which make it difficult for a large tree to obtain a secure root hold. Trees are blown over 
rather than broken. 

In hurricane forest there is only one stratum of trees, which usually form a light canopy 
about 12 111 . above ground though this height is very variable. On steep slopes the trees 
and palms tend to be drawn up and may exceed 20 m. (70 ft.) in height, whereas on 
ridges growth is commonly relatively stunted. There is no shrub layer, but the ground 
layer is tremendously luxuriant and forms a dense waist-high tangle of dank herbaceous 
vegetation. Ferns, in many species, are the dominant plants in this layer. Occasional 
patches of tree ferns (Cyathea) are found, but commonly the ferns are not of arborescent 
species. With them are found Heliconia hihaiy an AnthuriurUy a Lycopodium^ a Carludovica 
which is usually terrestrial but sometimes also a climber, Begonia spp. and other flowering 
herbs, while the soil is covered with a thick continuous mat of filmy ferns. The trailing 
silver fern (Gleichenia) may be locally abundant. Tree trunks and branches are thickly 
covered with moss and small climbers. 

The palm Prestoea moniana Nichols is dominant and characteristic. It tends to occur 
in patches rather than evenly, but on the average forms about 75% of the crop. The 
hurricane forest therefore could be described as a ‘palm brake’, but since it is possible 
that elsewhere true palm brake may occur as a climax formation, it was thought preferable 
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Phot. 1. Hurricane forest on the Morne Garu mountains. Phot. 1. Tall secondary forest ai the base of the Soufriere 

Note prevalence of PreMoea and the rieh herbaceous ground ^vith Freziera and Cerropia, 

layer. The trees are Richer in (jrandis. 


Phot. 3. Charl(U(lhii<s, ('f/alhca^ (Jhkheula and Lobdia slrkta at hoO m. 



Phot. 4. General view of the crater of the Soufriere. 
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to adopt a different title for this type in the Antilles which is definitely serai. The trees 
associated with the Prestoea are of few species and small size. Except for an occasional 
old standard which is evidently a relic of former (climax forest, girths do not exceed 1 m. 
Trunks are very crooked and fork or branch low down. The commonest tree is Freziera 
hirsuta Sm. Other species noted include Ln^a ingoides Willd., Cecropia peltata L., Ficus 
and Clusia spp., Richeria grandis Vahl., and occasionally the palm Euterpe hcigleyi. At 
lower levels. a few trees of the rain forest are found such as MicrophoUs and Myrtaceae spp., 
Dacryodes and Sloanea. Higher up typical species of the elfin woodland come in such as 
Didymopanax attenuatmn Dene. & Planch. Occasional rubiaceous shrubs are found. 

Elfin ivoodland 

Towards the summits of the peaks and the main ridge, an elfin woodland gradually 
takes shape. At such an altitude the climax formation exhibits naturally a low, gnarled 
and windswept structure, lower and more reduced tlian the hurricane forest. For this 
reason the hurricane winds are no longer an effective factor, and on the highest peaks 
climax vegetation is once more found. At about 670 m. (2200 ft.) Didymopanax atlenuatum 
appears. Here the height of the trees is reduced to 7-10 m. Other characteristic elfin 
species gradually come in and Prestoea montana, Freziera hirsuta and Inga ingoides 
drop out. 

The elfin woodland belongs to the Didyrnopanax-Charianfhus association of many of 
the Lesser Antilles. There is seldom a closed tree canopy. Trees attain usually from 
4 to 10 m. in height, though in very exposed situations the height may be reduced to 
below 2 m. There is seldom any definite trunk, the tree forking or dividing low down into 
a system of long, rambling and gnarled branches which tend to point away from the 
wind. A conspicuous feature is the moss covering, mosses forming a close mat all over 
tlie trunks and ground surface and trailing from the branches. Epiphylls are abundant 
on leaves and all kinds of epiphytes abound — bromeliads, orchids, ferns, a climbing 
Anthurium. Ground vegetation consists of moss, begonias, hlmy ferns, ferns, chib moss 
and razor grass (Scleria). The principal species are Didymopanax attenuatum (Sw.) March, 
and (diarianthus coecineus (Rich.) D.Don. Associated are Ilex sideroxyloides (Sw.) Gr., 
Ficus ‘'^pj)., Richeria grandis Vahl., Endlicheria sericea Nees and Rondeletia parvifiora 
Poir., among others. 

Plant succp:s8ion on the Soufriere 
Before the 1902 eruption 

In 1886, E. M. D. Hooper, an officer of the Indian Forest Service, publislied a Report on 
the Forests of St Vincent, which contains (p. 7) the following account of the vegetation 
of the Soufriere at that time : 

Thert^ remains to refer to the flora of the Main Ridge summit. This is met with jibovt^ Cavaleries, on 
St Andrew’s mountain, and is contimuHl for the last 500 ft. to the toj). The same plants an^ to l)e found 
at a similar elevation on the sloj^ies of the Soufriere and eomj)rist^ (‘omparativt>ly few s]KX'ies — none of 
them attaining any important or useful dimensions. It will be suffieient to quote tlu‘ \V( iniiiannia, the 
Mountain Cabbage, Sauvage^ia, Desrnodium, Chariunthus, LLsianthihs, and a dense damp fern growth. 
A gregarious slender stemmed tree know'n as the Burnlime is found on the Soufriere below' the intluen(*e 
of the sulphurous atmosphere, but already on a soil formed by the eruptions of the crater, higher up the 
vegetation is reduced to a series of w ooded dead stems up to 1 ft. in girth, killed some few' years ago by 
the exhalations from the mountain, and everywhere a carpet of the Wcinnuinma, an Ins and a few 
aroid growths. 
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The progress oj plant succession on the Soufriere of St Vincent 

The quotation of ‘mountain cabbage’, which is presumably Presioea ynontana, indicates 
the main type as hurricane forest, which is what we should expect assuming that there 
had been almost complete recovery from the eruption of 1812. The ‘burnlirne’ appears 
to be Sapium caribaeurn Urb., which often forms such secondary stands. 

Progress up to 1912 

In 1902, all was burned off by incandescent avalanches and the remains buried by a 
layer of volcanic ash. Carbonized remnants of the forest may be extracted to this day 
from the cinders. At 730 m. (2400 ft.) the writer found a large log, turned to charcoal, 
buried beneath a foot of ashes. 

As soon as the volcano quietened and cooled, plant colonization began. In 1912 
W. N. Sands ascended the mountain and published an account of the plant communities 
which he found (Sands, 1912). Up to 600 ft. Sands found a community of vines and 
herbs with a few bushes, which he listed as follows: 

GyneriiJTii saccharoides H.B.K, (rosea ii grass). Staehytarphota janiaicensis Valil. (verbena). 

Helieonia biliai Sw. anrl Heliconia spp. Arundinella mart inieensis Trin. (Inirrieaiie grass). 

Isehaemuni latifolinm Kiinth. (bamboo grass). *Gymnogramme ealornelanos Kaulf. (silver fern). 

Ipomoea spp., V’itis sieyoides. Bushes of the Rubiaeeae and Melastomaecuio. 

Between 180 and 300 m. (600 1000 ft.) the above community w^as joined by larg(u* 
masses of Cyathea arborea (L.) J.Sm., Trenia lamarckiana BL. and tw^o Psychotrias. At 
420 m. (1400 ft.), plants w^ere scantily distributed and growth poor. Principal species 
were Gynerium and I schaenmm, Gyrmiogranvme {Gleichenia) and Cyathea with Freziera 
hirsuta Sm,, FAipaiormtn spp. and a Lycopodium. At about 610 m. (2000 ft.) only the 
mosses and silver fern survived, and above that height only mosses, algae and lichens. 

Progress up to 1942 

Considerable changes have taken place in the ensuing thirty years. It will be observed 
from Sands’s account that the most luxuriant regrowth was taking place at the foot of 
the mountain where conditions are at their most favourable and that no higher plants 
had appeared near the summit. This phenomenon is still observable as one passes through 
a succession of types from high forest at the foot to a moss and lichen community at the 
summit. Cultivations of canes, coconuts and peasants’ vegetables have now been re- 
established up to about 370 ni. (1200 ft.) elevation on the mountain, up to the point, in 
fact, w^here it begins to slope steeply. Immediately above the cultivated area one enters 
a tall secondary forest 1*^) 27 m. (50 90 ft.) in height (tall on slopes, lower on ridges). 
This is pictured in PI. 1, phot. 2. The trees do not exceed 30 cm. (12 in.) in diameter and 
appear thin, crowded and drawn up. The canopy is a thin one, most of the trees having 
light foliage. Few species are represented; the following were noted: 

Freziera hirsuta 8m. (gunstoek) v.a. Ficus spp. (fig) o. 

Inga ingoides Willd. (spanish apple) a. Ochroma pyramidale (Cav.) Urb. (bois flot) r. 

Cecropia peltata L. (trumpet) o. Daphnopsis caribaea Gr. (mahoe) r. 

It will be noted that these are the trees which associate with Presioea montana in the 
hurricane forest, though the latter species is absent here, perhaps because of insufficient 
altitude. The forest has an understorey, continuous in places and up to 6 m. (20 ft.) high, 
formed largely by the tree fern Cyathea arborea (L.) J.Sm. with many Melastornaceae, 

* Now referred to Qleichenia. 
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Piperaceae, Psychotria spp. and Acnisti/s arhorescens (L.) Schlecht. The herbaceous ground 
layer is exceedingly luxuriant and dense, very much as in hurricane forest. Ferns pre- 
dominate, Heliconia hihai is abundant, there are Begonia spp., Lycopodium, Anthurium, 
Carhidovica and filmy ferns. The lower parts of tree trunks are very mossy and bromeliads 
are plentiful. 

At 570 in. (1850 ft.) elevation, this forest is only 10 m. high and has become irregular, 
whole patches being covered with Cyathea or the silver fern, Gleichenia. A very few 
Prestoea montana appear here and in the silver fern jiatches one finds the shrub CliariantJrus 
coccineiis (Rich.) I). Don., a Lycopodium, a Pitcairnia and two grasses. 

At 610 m. (2000 ft.) the forest has shrunk to 3 4 rn. high, and is windswept, gnarled 
and simulating elfin woodland. Charianthus coccineus forms about 50% of tlie crop, 
with Freziera, Inga and other melastomes. The tree line is passed about 670 m. (2200 ft.). 
Here silver fern is dominant, with scattered and Cyathea up to 2-2*5 rn. high 

(PI. 2, phot. 3). Lobelia stricta Sw. appears. 

At 730 m. (2400 ft.) plants are knee high only, still (‘omposed of silver fern with now 
v^ery stunted (jharia/nthus and Cyathea, Pitcairnia, Lobelia, ferns and grasses. Freziera 
and Inga are (juite absent. 

At 820 m. (c. 2700 ft.) Chariantlim and silver fern begin to thin out, and Cyathea is 
only 60 cm. (2 ft.) high. Towards 900 m. (3000 ft.) the vegetation is simulating ‘paramo’ 
and is distinctly alpine in appearance. The ground is entirely and thickly covered with 
lichens, thallose, foliose and crustose. Higher plants are scattered and tufted and include 
the Lobelia and Pitcairnia, several grasses, a Lycopodium and a few ferns. Cyathea is now 
at most 30 cm. (12 in.) high, and the general vegetal covering is ankle deep unly. The 
general colour of the vegetation is blue-grey rather than green. 

At the highest levels (PI. 2, phot. 4) one finds a tundra only. The stony ground is 
thickly covered with lichens and, in l)etween, a few small clumps of Lobelia and Pitcairnia. 
The lichens vary greatly in (colour, being predominantly grey or orange, and having a 
striking apj)earance at a little distance. 

The inside of the (vrater, in spite of the precipitous nature of the cliffs, is covered with 
plants right down to the water. The primdpal are a small (a)mposite shrub {Baccharis 
cotinifolia ITrb.), Gleichenia, Lycopodium, ferns, grasses and a few Cyathea. 


Discussion 

It is most interesting to note that certain communities found at the up})er levels 
simulate in physiognomy climax formations such as elfin woodland, paramo (alpine 
meadow) and tundra (Beard, 1944), though the fioristic composition in any example is 
not that of the climax, and the simulated formation is made to appear far below its 
proper altitude. This simulation is not coincidental. It demonstrates the relationship 
which formations of the same habitat-group or formation -series bear to one another. 
In this case the climax communities of the area belong all to the montane series. When 
the mesophytic communities of any series of habitats are interfered with or destroyed 
the moisture relations of the environment are temporarily made more adverse. The 
presence of a vegetative cover itself has an ameliorating effect on conditions, lost when 
the cover is removed. If, in addition, the original soil is buried beneath a layer of volcanic 
ashes, the environment deteriorates still further. It is natural, therefore, that the efirlier 
stages of succession will tend to resemble climax types of greater adversity within the 
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same group or series. If elfin woodland is totally destroyed by a volcanic eruption whiph 
deposits a layer of ashes, the first community colonizing the new ground is one resembling 
the most extreme montane climax, i.e. tundra, owing to the fact that moisture relations 
have greatly deteriorated but still remain essentially montane. The tundra-like stage is 
gradually replaced by one resembling paramo, and finally the climax elfin woodland 
reappears. This succession is taking place on the Soufriere to-day and can be amply 
proven by reference to Sands’s account. Elfin woodland stands to-day, while Sands 
found only moss and lichen thirty years before. 

This generalization of succession applies only to the communities of adverse environ- 
ment. Communities developing closer to the optimum pass through rather different 
stages. In their case, since they are close to the optimum, moisture conditions are subject 
to less deterioration through interference, and the dominating factors in succession 
become not moisture relations but seed dispersal and light relations. Where interference 
has led to serious soil deterioration, a herbaceous or low bush stage will be necessary 
to build up fertility to the point where high forest can return. In general, high forest 
grows back directly by stages which are proper to it, do not resemble any climax types, 
and are determined first by seed dispersal and secondly by light relations. The principal 
components of evergreen tropical forests seem often in their youth to be silviculturally 
shade-demanders. Not only do they tolerate shade, they may even require it for successful 
establishment and growth. Forestry has not as yet produced any experimental evidence 
on this score, but there is some very suggestive recent work on cacao (Cobley, 1942), 
which in its native surroundings is an understorey tree in rain forest. Such a shade- 
demander would be unable to compete successfully in the open. The first tree species to 
arrive in succession are a specialized group not belonging properly to the climax association, 
light-demanding, not tolerating shade. Their seed is light and carried far by the wind 
{Ochroma) or is attractive to and distributed by bats {Cecropia) or birds (Freziera, 
Guazuma). These species have a thin foliage and cast only a light shade. Beneatli tliem 
comes in a definite group of components of the climax association having high light 
requirements. Typically these are species which spring up in any large gaps in the forest. 
In youth they prefer a thin shade but will tolerate full illumination. These, of which in 
the Lesser Antillean montane zone the principal are various Lauraceae, Siniamha aynara, 
Hieronyma caribaea, Piihecellobiitm jupunba, Sapimn caribaeuyn and Chmuirrhis cymosa, 
growing up beneath the light canopy of the first arrivals, form a heavier canopy under 
which the real shade-demanders will come in and reintegrate the climax association. 
The high forest now covering the lower levels of the Soufriere is evidently well advanced 
in the Ochroyna-Cecropia-Freziera stage and is ripe for the arrival of members of the 
climax Dacryode^s-Sloanea association. Delay is possibly due to the distaiK’e of several 
miles from the nearest seed trees. 


Summary 

The vegetation of the Soufriere mountain in St Vincent, British West Indies, was destroyed 
by an incandescent avalanche at the eruption of 1902-3, and the mountain was subse- 
quently covered by a layer of fresh volcanic ash. 

Plant colonization of the bare ground began as soon as the mountain cooled and 
succession is still in progress. 
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The contemporary vegetation was described by W. N. Sands in 1912. The writer 
visited the mountain in 1942 and found that plants had established themselves right to 
the summit and also inside the crater. Growth varies from a high forest at the base of 
the mountain to a moss and lichen tundra at the top. 
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THE VEGETATION OF SOME HILLSIDES IN UGANDA 

ILLUSTRATIONS OF HUMAN INFLUENCE IN TROPICAL ECOLOGY. I 

By a. S. THOMAS, Department of Aprimliure, Uganda 
{With Plates 3“5 and eight Pigmes in the Text) 

Introdxtctoin 

Tt was Milne of Amani (1935) who first used the term ‘eatena’ (a swinging chain) to 
denote the sequence of soils from hilltop to valley floor; and he showed (Milne, 1936) 
that the same method may be used to describe the different zones of vegetation to be 
found in undulating country, where the same series of plant formations is repeated on 
hill after hill. This concept of tlie catena as a unit is most valuable for, without it, a con- 
cise description of vegetation in Uganda and in many other parts of East Africa would 
be impossible; if the different plant associations were to be plotted, a very large scale 
map would be needed and the result would be a jumble of strips and blocks of forest, 
woodland, grassland, cultivation and swamj), very hard to interpret except in relation 
to the relief of the country. 

The term is not only convenient in describing the countryside, but also it is justifled 
by the way in which the catena is a biologic, unit; for all zones, from hilltop to valley 
bottom, have special functions in the life of the people and of the animals. 

Each zone of the catena must make its contribution to the economy of native life. 
Therefore the land is divided up in a manner to allow access to all zones: in Uganda the 
boundaries between the v’llages usually lie along the centres of the valleys. In parts 
of the Gold Coast the boundaries are along the ridges of the hills; and, when land is 
divided up for cacao cultivation, it is not in compact blo(‘ks, but in narrow strijis 
stretching across the valley. A similar distribution of land may be seen in the long narrow 
farms of Wiltshire, which stretch from the water-meadows by the rivers, [last the home- 
steads, over the more fertile lower slojies, to t he thin stony soil on the tops of the downs. 

An attempt is made to convey an impression of the vegetation of a portion of Uganda by 
describing some catenas on hills in diff erent parts of the country (Fig. 1 ). One of these hills 
is on the Sese Islands, which lie in the north-west corner of Lake Victoria; the others are 
in the Mengo district on the mainland lying between Lake Vi(*toria and Lake Kyoga, about 
150 km. to the north. The country is made up of a vast peneplain sloping northwards 
from the basin of Lake Victoria, at an altitude of 1120 m., down to the basin of Lake 
Kyoga, at an altitude of 1015 m. The peneplain has been much eroded; near Lake Victoria 
there is a succession of flat-topped hills, rising to heights of nearly 200 m. abo ve the lake, 
and there are no large areas of level ground ; but the (jonliguration of the country becomes 
progressively flatter to the north, with low hills and broad valleys near Lake Kyoga. 

The rainfall decreases from south to north: it is over 2000 mm. on the Sese Islands and 
less than 1000 mm. near Lake Kyoga ; as Lake Kyoga lies only 1^^ 30' north of the equator, 
the whole area lies in the belt of equatorial rains, with two wet seasons and two dry 
seasons each year. The differences in the rainfall are shown by the diagram of the rainfall 
of three stations — Kalangala on the Sese Islands, in the south, Bukalasa near the centre, 
and Nakasongola in the north (Fig. 2). There is a slight increase in mean annual tempera- 
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ture from south to north; the average on the Sese Islands is under 22° C. and the average 
near Lake Kyoga is about 1° C. higher. But these averages do not convey the real dif- 
ferences between the temperatures, which are better shown by the mean daily ranges; 
that on the Sese Islands is less than 8° C., while that near Lake Kyoga is about 13° C. 
The average humidity decreases from south to north and, during the two dry spells of 
the year, it falls very low in the region of Lake Kyoga; whereas on the Sese Islands, sur- 
rounded by Lake Victoria, it remains fairly high even in the months when little rain falls. 

On each of the hillsides described, there are considerable diflTerences between the 
vegetation of the different zones the top of a hill may be under woodland or forest, 
and the sides may be under open grassland. On some of the hillsides, a large proportion 
of the ground is under cultivation ; even in places where there is now little settlement, 
the effects of human interference with the vegetation are clearly seen. An attempt there- 
fore has been made to describe the vegetation as it really is, and not to use the method 
so often employed in tropical ecology — of giving a general description of a region, paying 
attention to the ‘natural’ vegetation and neglecting the ‘induced’ types; for in Uganda 
it is very difficult to draw a line between the two. The life form and the more important 
s})ecies in each zone are mentioned ; and, as the zones are in the belts along the hills, the 
width of a zone gives an indication of its relative area. 

Short descriptions and the results of simple tests are given in respect of the soils en- 
countered. These tests are from small composite samples of the surface soil, taken at a 
depth of about 10 cm.; the reactions have been tested with B.D.H. Universal Indicator; 
and the available plant nutrients - phosphates, yjotassium and calcium — have been 
estimated by Spurway’s approximate methods, the amounts being stated on a scale of 
0 to 4, ranging from complete lack to great richness. The nitrates have not been estimated, 
as it has been found that they show violent fluctuations according to the weather and to 
the amount of vegetation, and especially of the grass vegetation, on the spot sampled. 
Even though the results of these examinations are not highly accurate (joH determina- 
tions with B.D.H. Universal Indicator do not correspond with those from electrolytic 
determinations) yet it is felt that they do give a useful guide to the characters of the soils, 
hhirthermore, it is only the surface soils which have been tested, for there has not been 
the time to dig, to measure and to plot the soil profiles; in many places, however, the 
subsoils have been exposed in ditches or pits and it has been possible to examine and 
record their character. 


Bujumba 

The hillside at Bujumba lies on Bugalla, the largest of the Sese Islands, in the north-west 
of Lake Victoria; Bujumba is situated about 0° 20' S. and 32° 18' E. The top of the hill 
is about 100 metres above the level of the lake and the land slopes steeply to the south- 
east, down to the channel which separates Bugalla from the next island, Bunyama 
(Fig. 3). 

A general description of the vegetation of the Sese Islands has been published (Thomas, 
1941) but, in order that it may be compared with that of the mainland to the north, the 
vegetation of the hillside at Bujumba is described in some detail. The catena at Bujumba 
is typical of the Sese Islands, although some of the species there (such as Lovoa hrownii 
in the upper forests) are less common in other parts, and other species (such as the fern 
Gleichenia linearis) which are common in other parts of Sese, are not seen at Bujumba. 
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Nevertheless, the actual zones at Bujurnba are representative of the islands; they 
consist of the following: 

A. Hilltop cultivations. 

B. Hilltop forest. 

.. C. Tall grass and shrubs at forest edge. 

D. Hillside grassland and termite mound complex. 

E. Lakeside forest. 

F. Aquatic vegetation. 

A . II nil o p cnltivation^ 

The top of Bugalla Island is flat and it is over 1 km. wide at Bujurnba; almost all 
of this land has been cleared from forest and used for cultivation. A few forest trees 
have been retained, of species which do not compete unduly with crops planted in their 



vicinity, and these stand out among the shorter plants on the farms. The largest speci- 
mens are of Canarium schumvfurUdi, which are only about 20 m. high but have an 
enormous spread; some of the trees of Antiaris ioxicaria are nearly as large; the short- 
lived Maesopsis eniinii are of more slender growth. 

Other trees growing in this zone have been planted. There are many trees of Ficus 
nafalensis, whose bark is removed and beaten out to furnish a rough but useful cloth. 
There are groups of small trees of Cqffea canephora (Robusta coffee) near the houses; 
some of these trees are known to be about 100 years old, for there is a long tradition of 
the cultivation of this crop on' the Sese Islands. And there are fruit trees — oranges and 
mangoes and guavas. 

Small patches of bananas are growing near the houses, for it is only in such places 
that the soil is good enough for them; the bananas are mostly varieties of Musa sapientum, 
whose fruits are used for beer-making, as these types tolerate poor soils better than do 
the varieties of Musa paradisiaca^ the plantain, whose fruits are cooked and eaten. In 
spite of the heavy rainfall and of the fact that only the more hardy types of banana are 
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planted, yet their growth is stunted in comparison with that to be seen in many drier 
areas of the mainland of Buganda; this fact is an indication of the poor supply of bases 
in the Sese soils, for deficiencjy of potash is often a limiting factor to the growth of bananas. 

The sweet potato, /pomoea batatas, and cassava, Ma/mhot utilissima, are the main food 
crops in this area, and there are scattered plots of them; the annual bean, Phased us 
lunatus, is grown in admixture with them. None of these three crops — sweet potatoes, 
cassava and beans requires a rich soil; but nevertheless a large proportion of the land 
has been abandoned so that it may recover its fertility ; less than one-half of the farm- 
lands at Bujumba are being cropped. Plots which liave been left uncultivated soon become 
colonized with ephemeral grasses such as IHgitaria vctutm^ and annual composites such 
as Bidens pilosa, and tlie siuKudent spreading Commelina nndijlora ; and, after a few months, 
a thicket of coarse herbs such as Leonotis ne/petaejolia and subshrubs such as Triumphetia 
tomentosa and Tndigofera arrecta a})pears. After the land has rested under such vegetation 
for a few years, it is cleared and dug deeply to remove the rhizomes of Digitaria scalarum, 
a most pernicious couch grass, and more crops are j)lanted; often the whole depth of the 
soil, which is very friable and lies to a depth of about 50 cm. over a pavement of ironstone, 
is worked over. This farmland therefore consists of a complex of small patches of bananas, 
of ])lots of other food crops, and of fallow land in different stages of recovery; it is note- 
worthy that ele])hant grass, which regenerates so rapidly on abandoned farmlands in 
other wet parts of Uganda, is not common on the Sese Islands only a few small patches 
are to be seen at Bujumba in jdaces where the soil is of a fertility above the average. 

B. Hilltop forest 

At the edge of the flat top of the hill, there is a belt of forest which has been retained 
wlien the clearings were made for farms. These strips of forest are of great value as wind- 
breaks to protect the farms from the violent storms whicdi sweep over the islands and 
t liey are a feature of the 8ese landscape, obsemring all signs of cultivation and habitation 
from the distant view; if it were not for the canoes drawn up on the shore, and for the 
paths leading u]) the liillsides, the islands would appear to be uninhabited. 

The forest at Bujumba is only al)out 50 m. wide. It consists of a dense mass of ever- 
green trees and climbers and is usually about 15 m. Irigh, although in some places there 
are large gaps where trees have been felled to })rovide timber for canoe making; iiot only 
do the people of Sese need many canoes for their own fishing, but also they make many 
for sale to fishermen on the mainland. 

Maesopsis endnii is the dominant tree; there are few specimens over 20 m. high and 
the trees are much less vigorous than those to be seen in many forests of the mainland; 
it is probable that the stunted growth is due both to the high winds and to the poor 
sliallow soil at Bujumba. Lovoa hrownii, with its dense crown, is also common. Other 
smaller trees include Bapiuni ellipticimi, Croton sgivaticus, Voacanga obtusa, Anthodeista 
schweinfurthii, Barteria Jisttilosa and the palm liaphia nwidnittoriim. 

In places where no large trees have been cut down recently, the overhead canopy is 
dense and the undergrowth is sparse. Dracaena fragrans and Lasianthus seseensis are the 
most common shrubs. There are few herbs, and the soft sandy loam of the forest is incom- 
pletely covered with a litter of fallen leaves. 

The outside edge of the forest is rich in climbing plants, such as the scandent shrub 
Alchornea corddfolia and the liane Landolphia and there is an abundance of the 
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small soft- wooded tree, Srnithia kotschyi, growing to a height of about 3 m. on the fringe 
of the forest. 

C. Tall grass and shrubs at forest edge 

The upper forest extends nearly to the edge of the flat hilltop and, between it and the 
short grass which covers the hillsides, there is a narrow zone of tall grass and subshrubs: 
on other hills, where the forest does not cover all the top, this tall grass zone is much 
more extensive. 

At Bujumba, the zone is only about 20 m. wide. On the upper side, it is characterized 
by the abundance of Smithia kotschyi growing in a thicket about 3 m. high. Pteridium 
aquilinum is abundant: the subshrub Dissotis hrazzaei is common. 

These species are mixed with tall tufts of Hyparrhenia diplandra, the dominant plant 
in the zone; it grows as large clumps, about OT) m. across, with long erect leaves and 
inflorescences 2 m. high. There is another grass intermixed with the Hyparrhenia - 
Eragrostis hlepharoglumis — which grows in smaller tufts about 1 m. high; this grass is 
usually most abundant on shallow soils, near outcrops of rock. The soil at the top of 
the slope is shallow and rocky, being only about 30 cm. deep, with much admixture of 
lateritic gravel and overlying an outcrop of quartzite with a thin capping of ironstone. 

D. Hillside grassland and termite mound complex 

Almost the whole slope of the hill, for a width of nearly 1 km., is covered with a com- 
plex of grassland and numerous termite mounds, which are often associated with groups 
of woody species. The termite mounds are very numerous near the base of the slope and 
there are also several near the top, but the middle of the slope is largely an unbroken 
stretch of fairly short, sparse, grassland. 

Loudetia kagerensis is dominant throughout this grassland. It grows in small tufts 
about 10 cm. wide and raised about 5 cm. above the surface of the ground; there are 
many small termite runs on the surface of the ground and in the tufts of grass. When 
the grassland has been burnt over, it may be seen that the tufts cover only half of the 
surface of the soil — the rest is exposed; yet, even though the slope is steep, there is no 
perceptible soil wash under this sparse cover of grass. When the grass has been destroyed , 
as on the paths running down the hill, the soil erodes rapidly, forming gullies up to 3 m. 
deep. These gullies reveal that the soil has an even red brown colour and a uniform fine 
texture from near the surface to that depth. In other places there are outcrops of quartzite 
and the soils near them are much more shallow; yet, in spite of the shallowness of the soil, 
the dominant grass around the outcrops is Eragrostis hlepharoglumis, a species which 
demands a higher grade of soil fertility than does the Loudetia, 

There is a slight admixture of other species of herbs with the Loudetia kagerensis in the 
grassland — the grasses Ctenium concinnum and Andropogon dummeri, and the dwarf 
rounded subshrub, Indigofera capitata. The grasses have a slender tufted habit like that 
of Loudetia kagerensis, so that there is never more than a thin cover, about 60 cm. high, 
over the ground. This grassland is burnt over sometimes during dry spells, but there is 
little vigour in the fire — some patches remain unburnt and the stems of Hyparrhenia 
diplandra at the top of the slope are only scorched and remain standing. 

A quite different type of vegetation. is to be seen near the termite mounds. Tufts of 
Hyparrhenia diplandra often grow on the mounds and woody plants grow near the base 
of them. The usual pioneer species are the subshrub Dissotis hrazzaei and the shrub 
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Erlangea tormntosa; then a few seedlings of Hamngana niadagascaremis become estab- 
lished, and grow into Lsmall trees. Other trees spring up and there soon appears a large 
group of woody plants, growing in a ring around the base of the mound and hiding it 
from view — but the mound will still increase, for the termites will still be active. 

A mature colony of woody plants around a termite mound will be about 15 m. across 
and 10 -12 m. high. Maesopsis eminii and Sapium ellipticurn are the most common 
trees and V ilex jischeri is frequent. A ring of Harungana usually grows outside the trees, 
with Erlangea and Dissotis outside the Harungana. Woody climbers — Landolphia florida, 
Mussaenda arcuata and Canthium venosurn are common. The largest of these colonies 
are usually close to the upper or lower edges of the grassland and they spiead slowly 
until they become merged into the forests. 

E. Lakeside forest 

The hillside grassland ends abruptly near the bottom of the slope, where the lakeside 
forest rises up like a wall. This forest, which is about 100 m. wide, is composed mostly 
of Uapaca guineensis, a quick growing tree with prop roots and dense rounded crown of 
large glossy leaves, which are bronze when young. 

On the landward sid^ of the forest Uapaca is dominant and, as mentioned above, its 
thick foliage forms a wall at the edge of the grassland, rising to a height of about 12 m. 
The canopy of Uapaca in the centre of the forest is broken by the crowns of other, taller 
trees — notably Maesopsis eminii and Piptadenia africana] Voacanga obtusa is also com- 
mon, but it seldom is taller than the Uapaca guineensis. 

Memccylon myrianthuni, a small tree 3 or 4 m. high, is common in the undergrowth 
of this forest. Lasianihus seseensis, a shrub with small pink flowers and china-blue berries, 
is dominant in the undergrowth, attaining a height of about 1*5 m. Much of the ground 
is bare, for the Uapaca casts a dense shade; but in some places the small creeping herb, 
Geophila hirsuta, is common. 

The forest stretches right down to the edge of the lake, where there is a belt of Raphia 
monbuttorum growing in the moist soil. Intermixed with these palms there is an abun- 
dance of the scandent shrub, Alchornea cordifolia, which in some places forms a dense 
thicket. The soil of the lakeside forest is a red loam, brighter in colour and heavier in 
texture than that of the grassland above. There are many termite mounds in the forest; 
some are of the small rounded form made by a forest species; others are of the large, 
conical shape, made by Termes beUicosus, such as are to be seen in the grassland above. 
The large mounds near the upper edge of the forest are still active, but those lower 
down are old and seem to be deserted; it seems that the forest is extending upwards, both 
by a slow growth of Uapaca guineensis into the grassland and by the spreading and 
coalescence of the groups of trees growing around termite mounds. 

F. Aquatic vegetation 

In the shallow water, up to a depth of about 1 m., outside the zone of Raphia palms, 
there are growing the rushes Scirpus corymbosus and Eleocharis sp. And in deeper water, 
up to a depth of nearly 2 m., there are growing the aquatic grasses Panicum repens and 
Paspalidium geminatum\ they are rooted in the sandy bottom of the lake and have stems 
up to 2 m. long, with leaves and inflorescences protruding above the surface of the 
water. 

J. Ecol. 33 - 
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This zone of vegetation, which is inconspicuous and is only about 50 m. wide, is of 
considerable importance on account of the fish, especially the small species called ‘nkeje’, 
which it contains. Fishing is the main industry of the Sese men; and the sale of fish for 
consumption on the mainland is their main source of income, for they are skilled in the 
construction and handling of canoes and can earn money more easily by fishing in the 
lake than by agriculture on their poor island soils. 


Bxijumba soils 


No. 

Zone 

Situation 

Character 

pVl 

P 

K 

Ca 

1 

A 

Banana garden 

Light brown loam 

60 

3 

4 

2 

2 

A 

Abandoned iVirmland 

Light brown fine sand 

4-5 

1 

1 

1 

3 

B 

Upper forest 

Brown sandy loam 

50 

1 

2 

1 

4 

C 

Hyparrhenia diplandra grass- 
land 

Brown loam, mixed with 
latent ic gravel 

4-5 

1 

3 

1 

5 

I) 

Loudetia kagerensls grassland 

Light brown fine sand 

40 

1 

2 

0 


I) 

Colony around termite mound 

Brown sandy loam 

4-5 

I 

4 

1 

7 

E 

Jjakeside forest 

lieii- brown sandy loam 

4-5 

2 

3 

0 


The richest soil — or rather the least poor soil— sampled at Bujurnba is that in a patch 
of bananas close to a native house, in a place where fertility is maintained by the dumping 
of household refuse. This soil is only slightly acid in reaction and is fairly well supplied 
with phosphorus, potassium and calcium. All the other soils are very acid, even that 
of the abandoned farmland, which lies less than 30 m. away from the banana patch; 
this land is so poorly supplied in nutrients that its cultivation, even for a crop like sweet 
potatoes which will grow on a poor soil, is no longer worth while. 

The land in the uncleared upper forest, zone B, is only a little less acid and a little 
better supplied in bases than that of the abandoned farmland ; it is much poorer than 
that of the banana gardens close to the house land which, by the addition of household 
refuse, probably is now better supplied with nutrients than it was when under forest. 
The shallow gravelly soil (sample 4) under coarse Hyparrhenia diplandra grass at the 
edge of the forest is even ])oorer. 

But the poorest soil of the whole catena is that taken in the Loudetia kayerensis grass- 
land on the side of the hill (sample 5); this soil is very acid and the test failed to reveal 
any lime at all in it, a result which has been obtained previously by careful quantitative 
analysis of similar Sese soils. The poverty of such soil will explain the fact why, in spite 
of its great depth, it will support only a thin cover of Loudeiia kagerensis^ a grass whose 
growth both above ground and below ground is so weak that it is displaced by other 
species on all but the poorest soils. In contrast to the grassland soil, sample 6, taken at 
the base of an anthill where trees were growing, is better supplied in bases and contained 
some lime, so it can be understood why the trees can grow there and not in the grassland. 

Similarly, the soil of the lakeside forest (sample 7) is better supplied with nutrients, 
although it contains little or no lime ; this sample was not taken near one of the anthills 
in this forest. 

Discussiofi on Bujurnba 

The distribution of vegetation on the Sese Islands, especially in its relationship to soil 
fertility, has been discussed before (Thomas, 1941). Briefly, it has been postulated that 
it is the supply of nutrients which controls the growth of plants for, under the heavy rain- 
fall and equable temperature of the Sese Islands, it would be expected that evergreen 
forest would soon cover all the countryside; yet, when the islands were evacuated for 
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about twelve years on account of sleeping sickness, the forest soon covered the farms 
but could encroach only slowly on the grassland. 

Although the islands have been repopulated for over fifteen years, yet there is little 
pressure on land. A great deal of the upper forest at Bujumba has been (vut down to make 
farms, but owing to the low fertility of the land, much of it must soon be abandoned to 
recover under a fallow of shrubs and subshrubs. The trees which have been cut out were 
mostly fairly small ones, which had grown up after the inhabitants had left the island; 
the large specimens of Canarium schweinjiirlhii and Antiaris toxicaria were retained. 
These large trees obviously had not grown up under forest conditions, which would have 
induced a tall bole and a high canopy of branches; their short trunks and huge spread 
of branches show that they have developed in the open and that the land had been under 
farms when these trees were young. 

It is impossible to discover the age of these trees; they may be anything from 100 to 
200 years old: one old coffee tree near Bujumba was known to be nearly 150 years old 
when it died. But there is no doubt that the Sese Islands have been inhabited for a very 
long time; stone age artefacts occur there. And tradition avers that, owing to their 
protection by the waters of the lake, the people on Ses\.' had reached an intensity of 
settlement long before the people on the mainland — who were liable to continual wars 
and raids — had done so. One fact is significant; the principal former deities of the 
Baganda, who appear to represent definite people of past ages, were all derived from the 
Sese Islands. 

It is probable that the Sese Islands at the present day show the effects of long con- 
tinued and intense human vsettlement on soils which were not originally rich, for they 
were derived mostly from acid granitic rocks or from sandstones and quartzites. The 
deep sandy soils of the hillsides are so poor that they can be used for few crops; in the 
Bukoba district of Tanganyika, where conditions of soil and climate resemble those of 
Sese and where there is a great j)ressure of population, pate hes of these poor grasslands 
are sometimes cultivated to grow the Bambara groundnut [Voandzeia subterranea) and 
the tuberous Coleus dysentencus, crops which give very ()oor yields but which are the 
only ones which can be gi'own. Before the outbreak of sleeping sickness, about 1900, 
the Sese Islands were very densely populated and there was great pressure on land; the 
Sese people used to carry earth and spread it over exposed flat ironstone j)avements on 
tops of the hills, for it was better to go to all that trouble rather than to attempt to 
grow crops on the deep, but intensively leached, sandy soils of the hillsides. 

The normal process of soil leaching by percolating rain water would lead to an accumu 
lation of nutrients at the base of the slope, close to the shores of the lake; this, no doubt, 
is the reason why there is a belt of slightly richer soil on which the lakeside forest is 
growing. And the accumulation of nutrients is also carried out by termites, around their 
mounds (Thomas, 1941 and Thomas, 1944), a fact confirmed by analyses and by the local 
concentration of woody plants which cannot grow in the poor grassland soils. 

But ordinary soil forming processes will not explain why, under so heavy a rainfall, 
there should be a concentration of plant nutrients in the belt of relatively good soil on 
the top of the hill. This concentration does not appear to be due to any ‘natural soil 
forming process, but to long continued settlement. The Sese people have lived on the hill- 
tops, partly for safety from raiding parties — the peace that the islands enjoyed was only 
relative, and they were sometimes raided bv the inhabitants of Buvuma Island and also 
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to avoid mosquitoes which swarm by the lakeshore at night, but which are scarce on the 
exposed hilltops. Where the people live, there is concentrated the refuse of their food 
and the ashes of their fires; there the livestock, which have grazed on the hillsides by 
day, return at night, and their excreta help to enrich the soil still more; kraal manure 
will produce spectacular effects when it is supplied to bananas growing on the poor Sese 
soils. Furthermore, the existence of the extensive ironstone pavements, which are more 
or less horizontal, helps to retain plant nutrients on the hilltops, slowing up the percola- 
tion of water through the soil. 

Nansagazi 

The hillside at Nansagazi is situated near 33° 0' E. and 0° 6' N., sloping down to the 
northern shores of Lake Victoria. The prevailing wind is from the south, over the lake, 
and the rainfall is good and well distributed, amounting to about 1600 ram. per year. 



Fig. 4. Diagram of catena at Nansagazi. 


As will be seen from Fig. 4 and PL 3, phot. 1 the hillside is interrupted by a deep 
valley parallel to the lake, a feature to be seen in other places along the coast. In con- 
sequence of this valley, the catena is a complex one, consisting of five zones: 

A. Hilltop grassland. 

B. Complex of grassland and termite mounds on upper slopes. 

C. Complex of forest and cultivation in the valley. 

D. Grassland on rocky slopes above the lake, 

E. Lakeside forest. 

A. Hilltop grassland 

The level hilltop is covered with short sparse grassland growing in the thin layer of 
soil overlying a cap of ironstone; in some places this cap is covered with about 10-16 cm. 
of soil, in other places it is exposed and, at the edges of the plateau, it forms an outcrop 
of broken rock and gravel. The bare sheets of ironstone are a very noticeable feature of 
the grassland: in some places they are nearly level, but there is one especially striking 
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outcrop of a circular boss, surrounded by concentric rings of ironstone sloping gently 
outwards. 

In places where the soil is only about 5 cm. deep on top of the ironstone, there are 
scattered tufts of the short grass Microchloa kunthii. In places where the soil is deeper, 
Loudetia kagerensis is the dominant species, growing in small tufts and reaching a height 
of about 70 cm. It is intermixed with other grasses, notably Eragrostis chalcantha, 
Ctenium concinnuin^ Hyparrhenia filipendula and H. dissoluta. All of these grasses grow 
in small tufts and are dwarfed in habit, for the pasture is heavily grazed by large herds 
of cattle and is burnt over once or twice a year; after the grasses have been birmt, it can 
be seen that they cover only about half the surface of the ground. 

There are a few termite mounds on the top of the hill; on and around them taller grasses, 
which are 1 m. or more high, are growing; the most common species are Hyparrhenia 
dissoluta, //. diplandra, II. filipendula and Cymbopogon afronardus. 

B. Coniplex of grassland and termite nmmds on upper slopes 

The soil on the hillsides is redder than that on the hilltops and, although in some 
places there are outcrops of quartzite or ironstone, yet the soil is usually deeper than that 
on the top of the hill. The grass, too, is taller; Hyparrhenia dissoluta is the dominant 
species, reaching the height of 1 m. and, with its glaucous leaves and yellow stems, it 
produces the general effect of very light colour. The other species with which it is inter- 
mixed - Loudetia kagerensis, Ctenium concinnum, Andropogon dumnieri and Hypar- 
rhenia filipen^^^^ are all shorter and obscured when the //. dissoluta is fully grown. 

Termite mounds are very numerous on the slope; there is a taller growth of grass on 
them and around them — //. diplandra is the common species on the mounds at the top 
and Cymbopogon afronardus is dominant on the mounds near the bottom of the slope. 
The bracken fern, Pferidmrn aquilinum , grows around some of the lower termite mounds. 
The lowest mounds, down in the valley, are covered with woody elements, somewhat 
similar to those of the termite mound colonies on the Sese Islands— //aru/ig'ana mada- 
gascarensis is a pioneer species; Polyscias fulva, Pycminthus konibo and Sapiurn ellip- 
ticurn are common trees and Landolphia jlorida is a common climber. As on the Sese 
Islands, so also at Nansagazi, there appears to be a concentration of nutrients at the 
bottom of the slope, for Cymbopogon afronardus, a species which is confined to termite 
mounds on the hillside, becomes the dominant species over the lower fringe of the grass- 
land. 

C. Complex afforest and cultivation in the valley 

At the beginning of the twentieth century, before the outbreak of sleeping sickness 
necessitated the removal of all the inhabitants on the islands and the northern shores of 
the Lake Victoria, there was a population of 400 people in the narrow valley at Nansagazi; 
their farms stretched up the southern slopes of the valley and, to a lesser extent, up the 
northern slopes as well. When the farms were left, they were soon overgrown, and now 
most of the valley is covered with forest. This forest is of evergreen trees, and has an 
uneven canopy; large spreading crowns of old trees of Chlorophora excelsa and Canarium 
schweinfurthii stand out from a mass of smaller, more soft- wooded trees; the large old 
trees had developed when the valley was covered with farms, the smaller ones have 
developed more recently. 
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Maesopsis eminii, Polyscias fulva and Pycnanthus kombo are the most common of 
the younger trees on the sides of the valley and form a canopy about 10-15 m. above 
ground, intermingled with a mass of woody climbers — Landolphia florida, CUtandra 
orientalis and a number of other species. The coffee-like Tarenna pavettoides is abundant 
as an understorey tree; a few relict Coffea canephora and even a few clumps of bananas 
have persisted, although it is over 35 years since the farms in which they were growing 
were abandoned. In places where the shade is dense the forest grass, Leptaspis cochleata, 
is dominant near ground level; in more open places, Renealmia sp. is abundant. On the 
steep ground at the west end of the valley, where the forest had not been cleared to make 
farms, Piptadenia africana and Lovoa hrownii are abundant. In swampy ground at the 
bottom of the valley, Macaranga schweinfurthii and Pseudospondias ndcrocarpa are 
common trees; Clinogyne leucantha and C. ugcmdensis are common as undergrowth. 

There are now about twenty people living in the valley and some of the forest on the 
northern side has been cleared again to make farms; many trees have been retained, 
including the big old specimens of Canarimn and Chlorophora and some of the younger 
Maesopsis eminii] trees of Ficus natalensis have been planted and much of the. ground 
is covered with plots of bananas and plantains, growing to a height of about 5 m., mixed 
with other crops such as Coffea canephora, Capsicum frutescens, Dioscorea spp. and 
Calocasia antiquoru/m. These banana gardens are on a dark red friable loam; most of the 
trees of Chlorophora excelsa growing in them are associated with termite mounds, as so 
frequently is the case in Uganda. 

On the upper side of the banana gardens, near the edge of the grassland, much of the 
ground is paler in colour and lighter in texture than that on which bananas are growing. 
This land is used for growing other crops such as sweet potatoes and sorghum. Patches 
of ground which have been abandoned are colonized with a mixture of grasses, herbs and 
subshrubs such as Brachiaria hrizantha, Imperata cylindrica, Panicum maximum^ P. tricho- 
cladurn, Penniseitini purpureum, Setaria sphacelata, Indigofera arrecta and Laggera ovata 
species which are absent from the grassland above. 

D. Grassland on rocky slopes above the lake 

The ridge above the lake consists of an outcrop of quartzite; rounded boulders of the 
rock cover much of the top of the slope; the boulders have been cleared away from some 
places as if to allow room for cultivation. On some of the boulders there are signs of human 
influence: there are rectangular patterns of small shallow holes, such as are used for 
playing ‘mweso’, a game somewhat resembling draughts, which is very common in 
Tropical Africa; and there are shallow oval depressions like those in which corn is ground 
by Nilotic tribes in the north of Uganda and in the south of the Anglo-Egyptian Sudan — 
these are especially interesting, as the method of grinding is not used by the Baganda. 

On the steeper slopes, where there is little soil between the boulders, the coarse grass 
Eragrostis blepharoglu7ms is a pure dominant, growing in large tufts with narrow hard 
leaves about 40 cm. long and with inflorescences rising to 60 cm. Where the slope is more 
gentle, there are smaller stones, chips of quartzite and light brown sandy soil between the 
boulders ; in some places there is also an admixture of lateritic gravel and there is a thin 
layer of disintegrating ironstone on the upper surface of many of the rocks. In the places 
where there is more soil, there is a more mixed vegetation; Eragrostis blepharoglumis is 
still the dominant plant, but other species are common — the miniature sedge, Fimbrostylis 
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exiliSy the subshrub Coleus shirensis and the grasses Ctenium concinnum and Andropogon 
dummeri. Large red-brown termite mounds are common and are covered with Eragrostis 
hlepharoglumis. White and pale grey boulders, blotched with lichens, interspersed with 
the pale green leaves and inflorescences of Eragrostis blepharoglumis — such is the general 
effect of the rocky parts of the ridge. About one-third of the way down the slope, there 
is a stretch of flatter ground, free from rocks, covered with a sheet of glaucous Hyparrhenia 
dissoluta, like the hillside grassland of zone B. Below this zone, the ground again becomes 
rocky and steep, with exposed masses of quartzite and with tufts of Eragrostis blepharo- 
glumis growing in the crevices, descending to the narrow strip of forest on the ^ake shore. 


E . Lakeside forest 

A narrow strip of forest, usually from 50 to 100 m. wide, stretches along the lakesliore 
at Nansagazi. The forest is low and irregular, with many breaks in the canopy overhead 
and many wide passages in the undergrowth, where the paths of the hippopotamus go 
down to the lake. The hippopotamus is the most important of the larger wild animals at 
Nansagazi: the bufl’alo and the antelopes have been killed or driven away in recent years, 
but there remain large numbers of hippopotamus. They make wide paths through the 
lakeside forest and through the valley forest of zone C; large pit traps may be seen in 
that forest, to catch them, for they do much damage to farms. The hippopotamus, in 
spite of their bulk and of their nocturnal habits, will travel far, and their characteristic 
double tracks may be followed right up into the hilltop grassland of zone A. 

Yet it appears that it is not the hippopotamus, but the poor stony soil and the high 
winds which are responsible for the stunted growth of the lakeside forest; for the hippo- 
potamus is an animal which grazes, rather than browses on trees. The largest trees are 
of Canarium schweinfurthii, but they are less than 20 m. high; most of the other trees 
are of quick growing species — Anthoeleista selriimnfurthu Maesopsis emiirii, Polyscias 
fulva, Pseudospondias microcar pa^ Ficus brachypoda; the spreading Ficus daivei is com- 
mon on the lakeside. There are many large shrubs in the undergrowth, siudi as Trichalysia 
corbisieri and Dictyandra arborescens; and there are many woody climbers. Aframomon 
sp. is common in the undergrowth. 

Dense ])atches of Pteridhim aqmlinum are common on the upper side of the forest. 
Harungana madagascarensis and Alchornea cordaia are common there, the latter species 
growing in dense thickets up to 5 m. high; it also forms thickets in some places on the 
lower side of the forest, where the pebbly shore slopes down steeply into the lake. 





Nansagazi soils 





No. 

Zone 

Situation 

Gharacter 

pH 

P 

K 

Ca 

1 

A 

Hilltop grassland, Loudetia 
kagerensis dominant 

Light brown sand mixed 
with latcritic gravel 

40 

1 

1 

0 

2 

A 

Termite mound near sample 
1, Hyparrhenia diplandra 
dominant 

1 .light brown loam 

4r> 

Trace 

1 

Trace 

3 

C 

Banana garden in valley 

Red - brown 1 oam 

70 

4 

3 

3 

4 

D 

Soil among honldeTHyEragrostis 
blepharoglum is d om i n an t 

Light brown sand mixed 
with small stones 

40 

1 

Trace 

0 

5 

D 

Grassland below sample 4, 
Hyparrhenia diasoluta domi- 
nant 

Red-brown fine sand 

50 

2 

3 

Trace 

6 

E 

Lakeside forest 

Fine brown sand mixed with 
stones 

4-5 

3 

3 

0 
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These soils, with the exception of sample 3, are like those of Bujumba — they are acid 
in reaction, poorly supplied in bases, and contain much fine sand. The soil from the 
banana garden in the valley, sample 3, is of a different type — it is neutral in reaction, 
rich in plant foods, heavier in texture and darker in colour. 


Discussion on Nansagazi 

This hillside is typical of most of the coast between Kampala and Jinja. The rainfall, 
though not so heavy as that on the Sese Islands, is good; the temperature is equable; 
and both the soil and the vegetation of this coast have affinities with those of the Sese 
Islands. 

As at Bujumba, so also at Nansagazi, there are stretches of short, sparse, Loudetia 
kagerensis grassland; there is the same concentration of nutrients in and around termite 
mounds, there is the same sharp division between grassland and forest; some woody 
plants, such as Harungana nmdagascarensis and Maesopsis eminii, are common in both 
places. 

But there are important differences: there is a greater diversity of species, both of 
grasses and of trees, at Nansagazi than at Bujumba; the cultivation at Nansagazi is 
concentrated on the valley, not on the hilltop as at Bujumba; and the cultivated soil at 
Nansagazi is much richer than at Bujumba — this richness is no doubt the reason why 
plantains, which grow poorly at Bujumba, grow well at Nansagazi, and the reason why 
the tree, Chlorophora excelsa, which grows well only on good soil (Thomas, 1942) is 
abundant at Nansagazi but is absent from Bujumba and from most other places on 
the Sese Islands. 

Both at Bujumba and at Nansagazi, there is a blanket of ironstone near the hilltop: 
at Bujumba this blanket is overlain with a sufficient depth of soil for the hilltop to be 
cultivated, but at Nansagazi the soil is too shallow. There is no doubt that, if the soil 
were deeper at Nansagazi, the hilltop would be cultivated; for in places on these hilltops 
where the soil is deeper — and there is one such place close to the Nansagazi hill — farms 
of bananas, barkcloth trees, coffee and sweet potatoes do exist. 

At Bujumba the best soil is in the valley, so farms are found there. It is interesting 
to note that this good soil which is under farms or forest extends up the slope facing north, 
away from prevailing breeze, but is absent from the slopes facing south, which are subject 
to much wind. Nansagazi is so close to the equator that there can be little difference in 
the incidence of sunlight on northern and southern slopes. It is possible that geological 
factors are involved but, as will be seen from the description of the catenas at Mpambire 
and at Kawanda, it is often seen that the northern slopes of the hills are more forested 
than the southern and that wind does appear to be an important factor in controlling 
the vegetation. 

Mpambire 

The hillside at Mpambire is situated at 0^^ 12' N. and 32° 12' E. It consists of a slope 
over 1 km. long descending southwards from a flat-topped hill down to the valley of 
the river Nakyeteiiia; this valley is filled with papyrus swamp about 1 km. wide; from 
the top of the hill to the level of the swamp there is a vertical fall of about 100 m. The 
average rainfall of the area seems to be abou^ 1300 mm. a year. 
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The Mpambire catena (Fig. 5) comprises four well-defined belts, easily distinguished to 
a distant view : 

A. Hilltop grassland. 

B. Elephant grass and cultivation complex. 

C. Evergreen forest. 

D. Papyrus swamp. 


A. Hilltop grassland 

The zone covers the narrow flat top of the hill, which is only about 50 m. wide, and 
the first 100 m. of the upper slopes of the hill. It consists of coarse tufted grassland with 
few woody elements. When the grass has not been burnt for some months, it forms a 
dense mass of leaves and stems, nearly 1 m. high, above which protrude the taller 



flowering stems of some species. Hyparrhenia diplandra is the dominant species and its 
coarse yellow-green leaves and brownish inflorescences, which reach a height of 2 m., 
determine the general appearance of the grassland. Beckeropsis uniseia is fairly common 
and there are occasional specimens of Hyparrhenia cymbaria; the panicles of both of these 
species attain to heights of more than 2 m. Cyrnbopogon afroiuirdus is abundant; its 
tufts of glaucous leaves, rather shorter than those of Hyparrhenia diplandra, are inter- 
mixed with them; Imperata cylindrica is common. Smaller species are also intermingled, 
notably a small form of Hyparrhenia filipendida, growing in erect tufts to a height of about 
1 m., and Panicmn fulgens, with fine weak stems which are scandent among the larger 
grasses. 

When the grassland has been burnt, its appearance is very much altered. The tangle 
of leaves and stems disappears and much bare ground is revealed. The clumps of the 
larger species, such as Hyparrhenia diplandra and Cyrnbopogon afronardus^ are often as 
much as 0*5-1 m. apart; between them are tufts of smaller grasses, usually 10 cm. or 
more apart and, as these grasses are erect in growth, the rest of the ground is uncovered. 
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Some of the smaller grasses are more precocious in flowering than the large ones, and 
therefore are easily recognized a few weeks after the grassland has been burnt; such grasses 
are Andropogon dummeri, Digiiaria maitlmidii and a small form of Setaria sphacelaia. 
All of these species grow in small tufts and their inflorescences are only about 50-70 cm. 
high, so that they are obscured when the coarse grasses have made their full growth. 

A few subshrubs are common in the grassland, notabjy Lippia adoensis, Indigofera 
emarginella and Guizotia schuUzii. There are a few woody elements — some groups of 
Gardenia jovis tonantis, in the form of fire-scarred bushes 2 rn. high; and, near the lower 
edge of the zone, there are specimens of Grewia mollis and Acacia holstii, both species 
growing as small trees about 3 m. high. But most of the grassland is open. 

On the northern side of the hill there are more trees. Near to the top there are small 
trees of A, holstii and Gomhretum gueinzii, species typical of woodlands in dry con- 
ditions. Below them there are larger trees, such as are found in wetter areas Albizzia 
coriaria, A. zygia, Lovoa brownii — and these are so close in places as to form patches of 
forest 15 m. high. 

B. Elephant grass and cultwation complex 

This is the widest zone in the catena, occupying a belt about bOO m. wide and covering 
all the slope of the hill with the exception of the narrow strips of grassland at the top 
and of forest at the bottom. This complex is of varied composition: there are patches of 
tall dense elephant grass {Penniseiuni purpurcMrri^ patches where the grass is shorter and 
sparser, patches where the ground is covered with weeds and grasses after cultivation 
has been abandoned, patches of annual crops such as cotton, patches of perennial crops 
such as bananas; the area is intersected with paths and dotted with houses. Elephant 
grass is the species to which this land reverts soon Jifter it has been abandoned, and is the 
plant most typical of the zone, although it occupies only about one-quarter of the area 
at the present time. 'Thicket’ seems to be the best term for the Penniseium purpureum 
association; the growth of the grass is tall and dense, and the bamboo-like stems persist 
for two or three years, if unburnt, so that the term 'grassland’ does not describe the 
formation. 

The hilltop grassland ends abruptly, above an outcrop of granite. Below this outcrop 
there is a sudden fall of 1 m. in the ground level, at the top of the land which has been 
recently cultivated for, as it is natural to dig the soil with a hoe downwards, there has 
been a movement of soil downhill. Little of this upper part of the elephant grass zone 
is now in cultivation, as it has lost much of its fertility. There are some patches of sweet 
potatoes and cassava, crops which can be cultivated on exhausted land, but much of 
the land has been abandoned. This abandoned soil is red in colour, mixed with stones and 
rock fragments, and very hard on the surface- on some plots which obviously have been 
abandoned for many months there are bare patches of soil, not yet colonized by any plants. 

The first plant to colonize the poor soil of abandoned plots is Bidens pilosa; it is fol- 
lowed by other annual plants of the same family (Compositae) — Ageraturn conyzoides and 
Erigeron linifolius. Then grasses appear — Sorghum, veriicilliflorum, Rhynchelytrum repens 
and, Panicum, trichocladum, intermixed often with subshrubby plants such as Guizotia 
schultzii and Indigofera arrecta, and the twining Cissampelos mucronata. These species 
in turn are succeeded by tall perennial grasses — Beckeropsis uniseta and Hyparrhenia rufa ; 
finally, a year or two after the land has been abandoned, Penniseium purpureum becomes 
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established and gradually the land reverts to a thicket of this species; but it does not 
grow so dense or so tall as the elephant grass on richer soil near the bottom of the slope 
and is seldom more than 3 m. high. 

The poor eroded land extends over 200 m. down the slope to the first houses. Some of 
the soil near the houses is good, with flourishing coffee trees close to the kitchens, on spots 
where rubbish has been thrown. But a great deal of the land above the houses has lost 
its fertility and the plots of bananas are being abandoned because they are in poor health. 

The main zone of cultivation lies below the first line of houses, extending for about 
240 m. down the hill. There are extensive plots of bananas, covering at least one-third 
of the ground; there are plots of perennial food crops, sweet potatoes and cassava, and 
plots of annuals such as cotton {Gossypiuyn hirsutum) and beans. There are also patches 
of land recovering from cultivation and in the process of reverting to elephant grass. 

Ficus natalensis, whose bark is used to make a rough cloth, is the common tree in this 
zone, growing to a height of about 8 m.; specimens have been planted in many of the 
banana gardens and in patches around the houses. A few clumps of sugar cane and a 
few orange trees and mango trees are planted near the houses; and mango trees are 
growing on land which has been abandoned, for this species is resistant to fire. Small 
|)atches of coffee {Coffea arahica and C. canephora) also are grown. One single tree of 
(■hlorophora excelsa grows by a termite mound near an old house site. In addition to 
food plants, small })atches of other useful species are to be seen a large clump of Sanse- 
vieria sp. grown for fibre; plants of Kalanchoc spp., grown for medicines; and specimens 
of the small soft-wooded tree Vernonia arnygdalM which grows spontaneously here, are 
retained because an infusion of their leaves is used to cure malaria. The fruit trees and 
medicinal plants are in small amounts: it is the elephant grass and the banana which are 
the most abundant plants in this zone. 

There are several weeds which are very common in the cultivated land. The quick 
growing annual comf)()sites — Galinsoya parviflora, Bidens pilosa, Senecio discifolhis and 
Ayeralmn conyzoides all of which grow rapidly and seed abundantly, need frequent 
cultivation if they are to be controlled. The perennial Cornynidina nudiflora is difficult 
to eradicate, as its succulent stolons cannot be killed by exposure to the sun and must 
be burnt or buried. Irnperata cylindrica soon invades abandoned land and is mixed 
with the elephant grass in this zone; but this grass, which is such a pest in the East under 
the name of lalang, is easily killed in Uganda by repeated hoeings. Digitaria scalarum, 
which also is abundant here and which also has succulent rhizomes, is much more difficult 
to kill and is a ‘couch grass' of the worst ty|)c; its control is a major problem of cultiva- 
tion on this zone. 

Soil erosion is not marked in the centre of the cultivated zone, being much less than 
on the poorer, steeper, slopes higher up; in fact, any soil washed down is retained in this 
zone. But erosion does take place in three places— first, on the bare ground near the 
houses; secondly, on the paths running down to the waterholes at the base of the hill; 
and thirdly in the ditches, which are sometimes nearly 1 m. deep, cut down the sides 
of cultivated plots to prevent invasion by the rhizomes of Digitaria scalarum. As these 
ditches are seldom very long, the soil washed down them is held up by patches of elephant 
grass below. The soil is of a type resistant to erosion and is typical of that covering much 
of the slopes in the south of Buganda; it consists of a red-brown loam, about 20 cm. 
deep, over a red clay. 
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There are no houses near the bottom of the slope, the lowest being nearly 200 m. from 
the forest edge. The farms extend about 100 m, below the houses, but the remainder 
of the slope is under a dense belt of elephant grass. This zone does not seem to have been 
disturbed for some years and forms a thick mass of stems, up to 4 m. or more in height : 
Imperata cylindrica is abundant but is obscured when the elephant grass has grown: 
in places where there is a break in the canopy of elephant grass, such as at the edge of 
paths, Guizotia schuUzii is common. 

C. Evergreen forest 

There is a great contrast between the tall dark green of the forest and the lighter green 
of the elephant grass thicket and, to the distant view, there is an abrupt line of demarca- 
tion between them. Inspection of the forest edge shows that the zone of transition 
between the two is a narrow one, less than 10 m. in width. The forest is encroaching on 
the elephant grass. Acanthus arboreus, a coarse shrub which attains a height of 5 in., 
is the pioneer species and is dominant at the forest edge. The smaller, subshrubby, 
Acalypha ornata is common there also. The thickets of Acanthus are colonized by tree 
species— the soft-wooded, very quick growing Polyscias fulva is the most common, and 
this in turn is replaced by other, more hard-wooded, trees. 

In many places the canopy of the forest has been broken by the felling of trees for 
timber and it seems that many of the better trees have been removed; at the present 
time there is a mixture of trees, a high proportion being of species of little value. Pseudo^ 
spondias microcarpa and Ficus capensis are tw^o of the most common species: Polyscias 
fulva, Croton niacrostachys, Pycnanthus kombo, Piptadenia africana, Albizzia zygia and 
Maesopsis eminii are all common. These species form the canopy of the forest at a height 
of about 15-20 m. The liaiie, Landolphia fiorida, is a common climber over the trees, 
especially near the upper edge of the forest. Smaller trees occur in the second storey — 
notably Tarenna pavettoides, Ficus exasperata, Voacanga obtusa and Euphorbia teke. 
Seedlings of Phoenix reclinata and Teclea nobilis are common in the shrub layer, though 
few large specimens of Teclea are present; it is probable that they have been cut out, as 
their wood is tough and useful. 

In those parts where the canopy has not been broken, there is dense shade; in such 
places the coarse forest grass Leptaspis cochleata is dominant, growing to a height of about 
50 cm. In other parts of the forest, where more light reaches the ground, other species 
are common — Palisota schweinfurthii, with its big rosettes of leaves, Forrestia sp. and 
other members of the CoymneMnaceae, Piper umbellaturn, Clinogyne ugandensis and Rene- 
alniia sp.' (aff. R. africana). Culmsia scandens is very common both as a climber on the 
trunks of the trees and also as a creeper over the ground. Poly podium iridiodes is an 
abundant fern, growing on the trunks and branches of trees and also at ground level. 

Although there are many plants growing on the ground, yet they do not give a com- 
plete cover over the soil ; a great deal of it is littered with fallen leaves which form a loose 
layer about 2-3 cm. thick — those at the top are undecomposed, those below are rotting 
and becoming embedded in the soil. The soil itself is light brown in colour, sandy in 
te^rture and very permeable, as is usual with the soils of forests in Uganda. Small twigs 
and branches are common on the surface, but nikn)!*^ are gathered for firewood by the 
people living on the hill above. 

Not only does the forest supply timber and fuel, but it is also the source of the water 
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supply. A path leads down to a permanent water-hole near the lower edge of the forest, 
at a place where a spring seeps out just above the level of the swamp. In the area, where 
the ground is permanently waterlogged, FicMS congensis is the dominant tree together 
with a few palms {Phoenix redinaia)\ and the ground is covered with a thicket, about 
2 m. high, of Clinogyne leucantha. As the forest lies along the edge of the swamp, the 
air inside it is always moist, and mosquitoes are very numerous, even in the daytime. 

The lower edge of the forest appears to be slowly creeping into the swamp. The palm, 
Phoenix reclinata, is abundant, forming groups of stems up to a height of 6 m. Many 
low trees grow between the palms — notably Bridelia niicrayitha, Alchornea cordifolia, 
Macaranga schweinfurthii and Neoboutonia rnelleri — forming a mass of low foijage below 
the crowns of the palms. 

D. Papyrus sumyrip 

The bottom of the valley is filled in* with papyrus swamp which, when viewed from 
above, appears as a horizontal expanse nearly 1 km. wide and several kilometres in 
length, stretching along the course of the R. Nakyeterna; there is a considerable flow 
of water down this river and there is a strong current below the papyrus in the centre, 
where it appears to be floating high above the true land surface. Cyperus paj)yrus is 
the dominant species, forming a dense mass of stems about 3*5 m. high, crowned with 
the finely branched globular inflorescences. In the centre of the swamp there are few 
other species mixed with the papyrus: in places where the growth is not very dense, the 
fern Dryopteris striata spreads its rhizomes among the base of the stems and its fronds 
ascend to a height of about I rn. 

A road crosses the swamp and, where an opening has been cut in the papyrus, there 
is a greater diversity of plants. The coarse subshrubby Triumphetfa niacrophyUa is com- 
mon, and so is the small swamp grass Leersia hexandra; in the ditches the mauve-flowered 
Nymphea capensis is abundant. Woody elements are rare except near the edges, where 
Ficus congensis is common: there are two small groups of the same species, growing to 
a height of about 6 m. in the middle of the swamj), which show up darkly from among 
the paler level expanse of papyrus. 

Mpamhire soils 


No. 

Zone 

Situation 

Character 

pH 

P 

K 

Ca 

1 

A 

Hilltop grassland 

Brown loam 

rvf) 

2 

1 

2 

2 

B 

Abandoned farmland at top 
of zone 

Bed -brown loam, very hard 

oO 

1 

2 

1 

3 

B 

Elephant grass near bottom 
of zone 

Dark brown sandy loam 

0 5 

1 

1 

2 

4 

C 

Evergreen forest 

Light brown sandy loam 

5-0 

2 

2 

1 

5 

I) 

Papyrus swamp 

Dark brown spongy 

50 

1 

4 

1 


All of these are acid, and none of them are very rich in plant nutrients. 


Discussion on Mpa mhire 

The catena at Mpambire, both as regards vegetation and soil, is typical of the area in 
which it lies. Hilltop grassland, elephant grass thicket and cultivations, evergreen forest 
and papyrus swamp— these zones are repeated on hill after hill. In some places the 
lower zones are modified — in some places the forest is the lowest zone of the catena, for 
in smaller valleys there are no papyrus swamps; in other places the forest has been cut 
out and the elephant grass — cultivation complex stretches down to the edge of the swamp. 
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And, in the region to the west of Mpambire, grassland such as that on the hilltop comes 
far down the sides of the hills and covers most of the landscape. 

The soils are not rich — they are good enough to support the growth of elephant grass 
and of bananas, but neither species grows so luxuriantly as on some of the better land 
to be found to the east of Kampala and, as mentioned above, the elephant grass re- 
generates slowly on the abandoned farmland. But there is not a very dense population 
around Mpambire and land can be left long enough under a fallow of elephant grass for 
it to recover its fertility, which is not merely a question of the supply of nutrients but also 
depends on the structure of the soil (Martin, 1944). 



Kawanda 

The hillside at Kawanda is close to the Agricultural Research Station and is situated 
about 0° 20' N. and 32° 33' E. The top of the hill is composed of a ridge of quartzite, 
reaching an altitude of about 1200 ra.; the ground slopes south down to the valley of 
the small river Mayanja. There is a ring of higher hills around Kawanda, a fact which 
may explain why it has a rainfall less than is usual in the district; in some years the total 
is less than 1000 mm. and it seems that the average is only about 1100 mm. 

Six distinct zones can be seen in this catena (Fig. 6 and PI. 3, phot. 2): 

A. Hilltop grassland. 

B. Belt of trees and shrubs. 

C. Elephant grass and cultivation complex. 

D. Short grass and cultivation complex. 

B. Valley grassland and terniite mound complex. 

F. Riverine forest. 

A. Hilltop grassland 

This zone is confined to the narrow top of the hill and to about 26 m. of the upper 
steep slope. The ridge of the hill is an outcrop of quartzite and there is much of the bare 
rock exposed; in some places there is up to 10 cm. of grey sandy soil, mixed with stones 
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and containing a mass of roots. The vegetation is of grassland, with scattered specimens 
of Entada abyssinica, small dwarfed trees less than 3 m. in height. 

The grass Cyrnhopogon afronardus is the dominant species, growing in large tufts as 
much as 1 m. apart, and its glaucous leaves give a general grey colour to this zone. 
Other grasses are common, notably Hyparrhejiia filipendula and H. diplandra\ they, like 
the Cymhopogon, reach a height of 1 m. or more. In between the tufts of these large 
grasses are the much smaller tufts of Microchloa k/unthii. Some erect subshrubby species — 
Lippia adoensis, Vernonia campanea and F. graniii — are mixed with the grasses. When 
the vegetation is fully grown, the ground appears to be well covered; yet, after the fires 
which occur once or twice a year, most of the surface is exposed. 

On the north side of the hill, where the ground is equally steep and rocky, there is a 
small belt of relict closed evergreen forest, growing to a height of about 12 m. Alhizzia 
zygia, Sapiurn ellipticurn and Chrysophyllum sp. are the most common trees: Acacia 
pirinata and Grewia sp. (aff. G. platyclada) are common woody climbers; Argyrcmmellera 
inacrophylla and Cojfea eugenioides are shrubs in the undergrowth. The persistence of 
this patch of forest is due to two factors: first, that the ground on which it grows is 
too poor and too stony for cultivation and, secondly, that it is protected by the hill from 
the full force of the fires which sweep up the south side of the hill during the dry seasons 
as far as the top but which only scorch the outside of the forest sheltered below on the 
north side. 

B. Bell of tree and shrubs 

The bottom of the grassland merges into a belt in which bracken fern (Pteridium 
aymlimwi) is dominant, mixed with tufts of Hyparrhenia dtplandra, both species growing 
to a height of 2 m. There are many suckers of Albizzia zygia, growing from the roots of 
larger trees, which reach a height of 15 m.; there are several of these trees at a distance 
of about 100 m. from the top of the hill, together with smaller trees of other species — 
Entada abyssinica and Morinda lucida. 

Under the trees, there is a thicket of shrubs about 3 m. high, Flueggea. virosa, Aculypha 
neptmiica and Vernonia amygdaliria, together with a few seedlings of Phoenix rcclinata. 
This belt of trees and shrubs is narrow and it merges into the top of the elephant grass 
zone, which contains many cop})iced plants of Albizzia zygia. 

C. ElephmU grass and cultivation complex 

This zone starts at a distance of about 150 m. from the hilltop and, at its upper edge, 
it contains many coppiced Albizzia zygia. The elephant grass forms a thicket about 4 m. 
high, with much Imperata cylindrica growing in admixture with it; when the elephant 
grass is fully grown, it obscures the Irnperata but, after it has been burnt, the zone be- 
comes a mass of white inflorescences of Imperata followed by the precocious leaves, up 
to 1 m. in height, for Imperata is much quicker both in leaf growth and in flowering 
than is Pennisetum purpureum. 

This zone is used for occasional cultivation of crops — cotton, sweet potatoes and cas- 
sava — which do not require a high fertility; the soil is mostly a brown clay, redder in 
patches, with occasional red-brown termite mounds. 

The uppermost houses on the hillside -are about 300 m. from the hilltop. Below the 
houses there are many gardens of bananas and plantains [Musa sapientuni and M. para- 
disiaca) which are, in fact, the dominant plants in the centre of the hillside, covering 
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more than half the ground. There are plots of other crops - cotton, sweet potatoes an. I 
cassava — and smaller amounts of maize, pineapples, herbs and medicinal plants; ami 
there are several barkcloth trees [FicMs nataleasis). Practically all the ^ound is culi i 
vated, but grasses are growing on a few untilled patches - Panicum muximutn, Imperaifi 
cylmdrica and Digitaria scalarurn (the last is a bad weed here). The most comnion 
ephemeral weeds are Bidms pilosa, Euphorbia heterophylla and Digitaria velutina. 

On account of the pressure on land, little of it can be left to recover under a fallow of 
elephant grass, which would quickly colonize abandoned plots. But, in spite of the fact 
that the land is sloping and is cultivated almost continuously, there is not much erosion. 
For one thing, the soil is of a type which does not erode badly; it is a brown loam, about 
20 cm. deep, overlying a red clay which has little variation in texture or colour down to 
a depth of several metres. Devices to control erosion are part of the indigenous system 
of farming: silt pits are made in the banana gardens to hold up water in places where 
it comes down the hillside; and, when erosion starts on the paths which run down the 
hillside to the water-holes, bananas are planted in them, suckering to form large clumps 
which hold up the soil and prevent the formation of gullies. 

At the top of this zone and also at the bottom, there is a belt used for occasional 
cultivation, in which the resting land becomes colonized by Imperata cylindrica and 
Penniseturn purpureurn. 


D. Short grass and cultivation complex 

The houses, the banana gardens and the red-brown soil extend to a distance of about 
800 m. from the hilltop: then the houses become fewer, the banana gardens poorer and 
the soil alters in character — it is grey and sandy, overlying a brown subsoil. This zone 
is used for cultivation of crops like those at the top of the elephant grass belt -cotton, 
sweet potatoes and cassava, together with some soya beans. 

After crops of sweet potatoes and cassava, the land is left to regenerate: it becomes 
colonized by Bidens pilosa, Erigeron linifolius and Sida rhombifolia, and then by grasses — 
Digitaria scalarurn and Panicum maximmn, which are kept grazed. There are clumps of 
Pennisetum purpureurn around the anthills in this area. 

The zone, which is about 250 m. wide, is on a steep slope, steeper than that of zone C, 
and falls down to the almost flat bottom of the valley, which is covered with short grass- 
land, on whose upper parts there are low ditches and mounds — evidence that patches 
of it have been cultivated in the past. 

E. Valley grassland and termite mound complex 

This grassland, like that on the hilltop, has a predominant grey hue, for Cymbopogon 
afronardus is dominant at the bottom of the hill as well as at the top. The soils in the 
two zones are very different in texture — that on the hilltop is very sandy and very shallow, 
while that in the valley bottom is a deep, pale grey, sandy clay. The Cymbopogon afronardus 
grows in large tufts of glaucous leaves, just as in the top of the hill; and in this zone, 
too, it is intermixed with large tufts of Hyparrhenia diplandra. 

This valley grassland is used as pasturage for a number of cattle, and is fairly heavily 
grazed; but the cattle avoid both Cymbopogon afronardus and Hyparrhenia diplandra, 
which grow in large tufts, usually about 0’6-l m. apart, raised above the general level 
of the ground, and feed on smaller grasses — notably Hyparrhenia filipendula, Brachiaria 




iMiot. 2. Kiiwanda catcrui. (irncra] view froin hilltop shovv ini^ Vx'lt of trers and slirubs 
(zone R), elephant j^rass and cultivation complex (zone C), valley grassland (zone E) 
and riverine foroHt (zone F). 
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Phot. 4. Kakiiize catena. A ])]ot of (jotton planted in a clearing of woodland (zone C) ; 
the large tree left is Ccnnhretuni gucinzii. 
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soluta and Eragrostis w grow between; Impcrata cylindrlca also is 

eornmon in this grassland, but its leaves are eaten only wlien they are young 
(PI. 4, phot. 3). 

The valley bottom is not quite flat. On the higher patches, the coarse grasses are less 
frequent and there is more of a short turf of the smaller species, Jl jfpiirrltenia 
being dominant; in some higher places there are groups of Acacia holstii bushes; it is 
probable that there used to be cattle kraals here, for this Acacia is often associated with 
old kraal sites. At the present time, the cattle are kraaled on the side of the valley, 
in zone D. 

There are hollows in the valley, places where the ground is waterlogged or even flooded 
for part of the year. Miscanthidium violaceiini is locally dominant in these wot parts, 
forming a mass of narrow, erect, sharp-edged leaves 3 m. high, and its inflorescences 
reach a height of 4 rn. In some places another tall grass, Loudetia phragmitoides, is 
associated with the Miscanthidium , and the subshrubby Dissoiis macrocarpa, with large 
purple flowers, often grows in admixture with it. The ground in the swampy parts is 
heavily trampled: in some hollows where the water lies, the clumps of grasses are on 
mounds 0*5 m. high, with deep tracks between. 

Large spreading grey termite mounds are common along the valley. Phoenix recUnata 
is the dominant tree growing actually on'them (not around the base, as in the case of 
the trees around the termite mounds at Bujumba) and Erythrina (omentosa is sometimes 
associated with it. The shrub, Flueggea virosa, is also common on the mounds; Hoslundia 
opposiia and Acanthus arhorcus grow near the base of the mounds. Pennisetiim purpuremn 
is abundant on the mounds growing near the side of the valley, but is absent from those 
near the centre. 

F . Riverine forest 

A strip of evergreen forest, about 100 m. wide, runs down the centre of the valley 
along the (course of the Mayanja river. There is a considerable flow of water in rainy 
weather; in the dry season there is little flow above ground, but there is always water 
in shallow holes along the water course and the ground is waterlogged up to the surface. 
In some places the wet ground extends beyond the boundary of the forest and there is 
a thin belt of Cyperus papyrus outside the trees; the stems of this papyrus are shorter 
than those of the plants in the swamp at Mpambire, being about 2-5 m. high. 

The edge of -the forest beside the grassland is a thicket of Acanthus arhorcus, Aframornum 
sp., Alchornea cordifolia and Bridelia rnicrantha. Behind this thicket there is a belt of 
Phoenix reclinata palms, growing to a height of about 10 m. There are palms growing 
also in the centre of the forest among a mass of other Erythrina excel sa. Pseud o- 

sjKrndias rnicrocarpa. Ficus congensis, Schejflera urostachya and Sapinm ellipticuin. The 
canopy of these trees, together with woody climbers, casts a fairly dense shade ; Euphorbia 
teke grows in the undergrowth — it is strange that this small succulent tree should be 
characteristic of these dense swampy forests. The climbing Culcasia scandens is common 
both as a climber on the trees and also spreading over the ground; ferns are common, 
especially Polypodiuni iridiodes as an epiphyte and Nephrolepis biserrata on the ground. 
Cyperus renschii is common in the places where much light reaches ground level. The 
surface soil is dark brown, swampy, with a mass of roots spreading over its surface; in 
the centre of the forest this swampy soil is deep, but at the sides it forms a very thin layer 
over grey sandy clay, like that of the grassland. 

J. Ecol. 33 



34 


The vegetation of some hillsides in Uganda 

Kawanda sails 




No. 

Zone 

Situation 

Character 

pH 

P 

K 

Ca 

A 

1 

Hilltop grassland, Cymbopogon 
afronardus dominant 

Grey, with much coarse sand 
and small stones 

50 

2 

2 

1 

B 

3 

Top of elephant grass zone 

Brown clay loam 

60 

1 

2 

2 

C 

3 

Good banana garden 

Red -brown loam 

6-0 

2 

4 

2 

D 

4 

Cotton plot 

Brown sandy loam 

5-6 

1 

1 

2 

E 

5 

Valley grassland, Cymbopogon 
afronardus dominant 

Palo grey sandy clay 

60 

1 

2 

0 

¥ 

6 

Riverine forest 

Grey -brown clay mixed with 
decaying roots and leaves 

60 

1 

1 

1 


The most interesting feature of the soil is the fact that both at the top and bottom 
of the slope, where Cymhopogon afronardus is dominant, there are grey soils, poor in plant 
nutrients; in the middle of the slope, where the houses and banana gardens are situated, 
the soil is redder and richer. This zonation of soils, grey on the hilltops, red on the sides 
of the hill and grey in the valleys, is described by Martin and Griffith as being typical 
of much land in Buganda (Martin & Griffith, 1940). There seems to be little lateritic 
ironstone or lateritic gravel on this hillside, with the exception of some gravel at one 
place near the bottom of the elephant grass zone: yet, on the neighbouring hill where the 
Agricultural Research Station is situated, there is a great deal of lateritic gravel in 
large patches both on the top and on the sides of the hill. 

Discussion on Kawanda 

This catena, or modifications of it, is typical of much of the land close to Kampala; 
there is a great pressure on this land, for not only is there dense settlement but also many 
crops, in addition to coffee and cotton, are grown for sale; the sweet potato is a very 
important one, for it can be grown on land whose fertility is not very high, such as can 
be seen at the top of the elephant grass zone and in the zone of poor soil just above the 
valley grassland. 

Many of the hills are lower than Kawanda, without the central ridge of quartzite: the 
houses and banana gardens are concentrated on the rounded tops of such hills. In many 
other cases, all the riverine forest has been cut out and the valley bottom is covered with 
grassland ; if the site is well drained, Cymbopogon afronardus is the dominant species but, 
in many valleys where the land is waterlogged for part of the year, Miscanthidium vio~ 
laccMm is dominant. 

The valley grasslands are important, for they are the areas which are used for grazing: 
elephant grass is palatable and nutritious but, as a rule, cattle are not allowed to graze 
on it, as the species is soon killed out by hard grazing and is replaced by poorer grasses, 
such as Imperaia cylindrica and Digitaria scalarum. When land is cleared from elephant 
grass, much labour is needed to dig out its woody root stocks; but this labour is much 
less than that required to clean the land of the rhizomes of Imperaia or Digitaria \ and the 
deep and extensive root systems of elephant grass appear to restore soil fertility better 
than those of other grasses. It is on account of the beijeficent action of elephant grass 
which regenerates on abandoned farms and restores their fertility that the land around 
Kampala has been able to carry a heavy population for a long time. 

It is probable that there has been dense settlement at Kawanda over a long period; 
on a hill across the valley there is the tomb of the Kabaka Suna, who died in 18&7. The 
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land may not have been continuously settled, as village sites were abandoned wlien soil 
fertility was unduly depleted, or when there was an epidemic of plague. 

In former times, the hill would ho more or less self-supporting; the foodstuffs grown 
on the hill were consumed there and the mineral residues returned to the soil. But now 
there is a drain on the land, for not only is it more intensely cropped and has less oppor- 
tunities to regain fertility under elephant grass leys, but also every pound of cotton or 
sweet potatoes that is sold will mean the loss of more plant nutrients. 

Actual soil erosion does not seem to be acute under the present conditions of intensive 
cropping. There is, no doubt, a gradual movement of soil down the hill, but it is com- 
pensated by the residues of foodstuffs, of firewood and of the droppings of stock which 
are brought up near the houses. The valley soil is grey; the soil above is red -brown or 
brown so that, if it were washed down, it could be easily detected; no sign of the 
deposition of such soil can be seen. Furthermore, the actual shape of the valley, which 
is typical of many other valleys in the neighbourhood, seems to indicate that soil is not 
being washed down to the bottom; for the slope is not even it falls rapidly from the 
hilltop down to the zone of cultivation and settlement, where the slope is gentle; and 
from th^. base of this zone, it falls steeply down to the valley grassland. 

As there is such pressure on land, most of the game animals have been driven away; 
there seem to have been no buffalo at Kawanda for the last twenty years, but reedbuck 
still come there. Monkeys and tree hyrax are still to be heard in the narrow strip of 
riverine forest; and the large edible rat is common in the ])atches of elephant grass. 

Kakinze 

The hillside at Kakinze is situated at 0"^ 55' N. and 32° 28^ E.: it slopes from an outcrop 
of gneissose granite at the top of the hill down to a valley about 60 m. below and about 
1400 m. to the north. The average annual rainfall is probably about 1100 mm. 

There are four well-marked zones (Fig. 7): 

A. The outcrop of granite. 

B. Banana gardens. 

C. Woodland with patches of cultivation. 

1). Valley grassland. 

A. The outcrop of granite 

There are large rounded bare masses of rock, with grey sandy soil in the fissures between 
them. The smallest crevices, where there is little soil, are colonized by Cyanotis lanata 
and Fimbrostylis exilis. Larger cracks contain a mixture of subshrubs about 50 cm. 
high —Coleus forskohlii and Astrochlaena malvacea and small grasses — Sporobolus 
festivus and Brachiaria kotschyana. The largest hollows, where the soil is deepest, are 
covered with a dense mass of the grass Loudetia arundinacea, growing to a height of 1*5 m. : 
other tall gTa,sse&-—HyparrhemaJilipendula and //. cymbana — are present in small amounts. 


B. Banana gardens 

The remains of tree species typical of woodland country in Uganda — Combretum 
gueiftzii^ C, hinderianum, Albizzia coriaria and Grewia mollis — are to be seen close to 
the base of the rocks, but they have been ringbarked and killed to make place for culti- 
vated crops. In some places bananas are planted close to the rock; in others there are 
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patches of other crops — sweet potatoes, sugar cane and cotton — growing on grey sandy 
soil between the rocks and the bananas: and land which has been abandoned from 
cultivation is colonized first by I m/per ala cylindrica and then by Penriisetum purpureum. 
Banana gardens cover most of the upper slopes of the hill, forming a belt about 300 m. 
wide, very distinctive on account of its intense green, especially in dry seasons when the 
leaves of wild trees and grasses are parched and dull in colour. Most of the bananas 
(including plantains) are grown in large clumps at irregular spacings of 3-6 m. ; the average 
height, to the top of the leaves, is about 4 m. There are many houses in this zone. 

Occasional trees stand out among the bananas; Chlorophora excelsa, with its dark 
spreading crown, is the tallest; Ficus gnaphalocarpa forms spreading rounded trees about 
8 m. high ; F. natalensis and F. brachypoda, species which are cultivated for barkcloth, 
form dense crowns of glossy leaves 6 m. high ; and there are a few erect trees, also about 
6 m. high, of the yellow-flowered Markkamia plMycalyx, a species cultivated to supply 
poles. 



Patches of other crops are intermixed among the bananas — shrubs of coffee {Coffea 
canephora) near the houses, plots of sweet potatoes, of cotton and, in a few places, of 
cassava. The grasses Imperata cylindrica and Panicuw maximum soon colonize unculti- 
vated ground and are succeeded by Hyparrhenia rufa, H. cymharia and Pennisetum 
purpureum.. And there are also small areas of relict woodland, not now cultivated, with 
small trees of Acacia holstii, Grewia mollis and Combretum binderianum, 

C. Woodland with patches of cultivation 

The second zone, in which the banana is the dominant plant, grades into the third in 
which, while there are many dwellings, many banana gardens and many other patches 
of cultivation, yet more than half the ground remains under a cover of woodland. This 
zone is a wide one, covering over 800 m. on the lower slopes of the hill 

The woodland which remains is mostly of a low, open type; most of the trees have a 
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height up to 8 or 10 m., and the trees are frequently 8-10 m. apart. Many species are 
represented — Albizzia coriaria, A, zygiay Combretum binderianuniy C. gueinziiy Vitex 
fischeny Acacia holstii, Gymriosporia se/negalensis, Stereospermum kunlhianuni and Pavelta 
crassipes are some of the most common ones ; the last four species are shrubs or trees up 
to 4 m. high. 

Beneath the trees there is an abundance of grasses; Impe/raia cylindrica, Panicum 
waximuniy Hyparrhenia filipendulay Setaria sphacxlata, BracJdaria brizantha and Sporo- 
bolus pyramidalis are some of the common species. This zone is much used for grazing — 
the presence of Sporobolus pyratnidalis is usually a sign of hard grazing; and, while the 
grasses grow to a height of 1-5 in. in the rainy weather, yet by the end of the dry seasons 
they have been eaten down close to the ground. 

The intensity of settlement and cultivation is higher at the top of the zone than at 
the bottom. There is near each house a cleared area, part of which is planted with bananas ; 
they grow fairly well. Other parts of the cleared land are used for root crops — sweet 
potatoes and cassava -and annual crf)})s such as cotton, beans, simsirn and finger millet. 
The land is not wholly cleared for some of the cotton plots - the smaller trees are dug 
out and the larger ones are either cut down or are left standing; the ground is dug over 
and, after the crop has been grown and gathered, the plot is abandoned. Such plots are 
soon colonized by perennial grasses, notably Digitaria scalaruni and Imperata cylindricay 
and, on account of the trees and tree stumps that remain in them, they soon revert to 
woodland (PI. 4, phot. 4). 

There are fewer houses near the bottom of tlie slope and the tree growth is taller and 
denser. Large specimens of Albizzia coriaria up to 15 ni. in height and 20 m. in spread, 
are most noticeable but there are well-grown trees of other species Albizzia zyguiy Vitex 
jischeriy Combretuni gueinzii and C\ binderianim^ Just above the edge of the valley 
grassland there is a belt where trees and shrubs grow^ more densely, forming patches of 
thicket around termite mounds; other species are re|)resented in such groups — the 
spreading Acacia sieberiana and the succulent Euphorbia caiycina among the trees, and 
Harrisonia ahyssinica and RhuH nalalensis among the shrubs. 

D. Valley grassland 

The bottom of the valley, which is nearly flat, is about 200 m. wide and covered 
mostly with grasses growing to a height of about 1*5 2 m. The character of the grassland 
is typical of that found in many similar situations in Uganda— it is composed of large 
tussocks of grass, spaced about 0*5 1 m. apart and raised about 15 20 (un. above the 
general ground level; the soil is a stiff grey clay and the uneven surface is due to treading 
by cattle when the ground is wet. 

Two grass species are abundant in this valley grassland — in some patches Setaria 
sphacxlata is locally dominant; in others Hyparrhemia jiliperidula is dominant. There are 
occasional tufts of Loudetia arundinacea, and the smaller L. kagerensis is common, but 
is not very noticeable among the taller grasses. In the low wet centre of the valley, the 
grassland is open and free from woody elements, but towards the sides of the valley 
there are some small trees of Bauhinia thonningii, up to 5 m. in height. Isolated speci- 
mens of larger trees — Acacia sieberiana^ and Albizzia coriaria — grow at the edge of the 
grassland, where it merges into the woodland on the slope of the hill. 

The upper side of the grassland is also broken by scattered large groups of trees and 
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shrubs on and around low wide termite mounds; some of the groups are 15 m. across. 
The species growing on these mounds are mostly those which are growing in the wood- 
lands above — Euphorbia calycina, Albizzia coriaria, Combretum binderianum^ Orewia 
mollis^ Harrisonia abyssinica, Acacia holstii^ Rhus natalensis and Zizyphus 7nauritiana — 
the last species is mainly confined to the termite mound groups in the valley and is 
little represented in the woodland on the hill. On the ground in the centre of the 
groups of trees and shrubs, Sansemeria sp. is growing: the shade-loving grass^ Setaria 
chevalieri, grows nearer the outside and, on the edge, Panicmn inaxiinum, is a common grass. 
The general appearance of the woody groups on the termite mounds is of plants adapted 
to dry conditions — Euphorbia calycina is a succulent tree and Zizyphus mauritiana is a 
species common in the driest regions of Uganda. 


No. 

Zone 

Situation 

Kakinze soils 

Character 

pU 

P 

K 

Ca 

1 

B 

Banana garden near hilltop 

Dark brown sandy loam 

6-5 

1 

2 

3 

2 

C 

(.Cotton ))lot, cleared from 

Brown sandy loam 

50 

2 

3 

Trace 

3 

C 

woodland 

Banana garden close to 

Brown sandy loam 

7-5 

1 

4 

4 

4 

D 

sample 2 

Valley grassland 

Grey clay loam 

5-0 

2 

Trace 

1 

5 

D 

Termite mound in valley 

Grey clay loam 

7-0 

2 

4 

3 



grassland 





Three samples, numbers 1, 3 and 5, 

were approximately neutral and 

were 

rich in 

bases 


two of these were from banana gardens near houses and one was from a termite mound 

all three of them were ftom situations where biological activity would lead to a concentra- 
tion of plant nutrients. There is little doubt that there is a concentration of nutrients 
near the houses — a comparison between samples 2 and 3 is especially illuminating, for 
these samples were taken close together, on the same contour of the hill; the cotton plot, 
recently cleared from natural woodland, had much poorer soil than that of the banana 
garden which had been (cultivated for many years. 

Discussion on Kakinze 

This hill was chosen because it lies near the northern edge of the elephant grass zone : 
south of Kakinze, there are wide stretches of elephant grass and a dense population; 
north of Kakinze the population is sparse and much of the countryside is uncultivated- 
the hills are covered with woodland and the valleys are covered with grassland. In places 
more removed from human settlement, not only is there a much smaller proportion of 
land under cultivation, but also the effect of grazing is less evident — there is a taller 
growth of grass on the hills and the soil of the valley is less pocked and puddled by the 
treading of stock. It is interesting to note that cultivation has induced a type of vegeta- 
tion which is more lush than that which was growing wild. This difference is especially 
noticeable in the dry season, when the grasses are parched and brown, and many of the 
woodland trees are leafless. Yet the banana gardens retain their vivid green, and the 
trees growing in them— the Chlorophora excelsa and the Ficus spp. — retain their dark 
canopies for most of the time. 

If the banana gardens were abandoned, it is probable that they would so6n be colonized 
by elephant grass, such as grows in thickets to the south of Kakinze, even on land which 
appears to have been under woodland and not under close evergreen forest. Kakinze is 
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outside the forest area; the total amount of rainfall is probably as great as the total 
amount of Kawanda, but it is leas well distributed and, as the day temperature is higher, 
the rate of evaporation is greater. 

The usual effect of human interference with tropica] vegetation is to produce more 
xerophyllous types: closed forests are cut down to make cultivation and, when the land 
is exhausted, it reverts to grassland, such as would grow in drier conditions. Yet at 
Kakinze the process seems to be reversed: bananas and Chlorophora trees, plants typical 
of wet zones, are grown on the hilltop, while the wild vegetation in the valley comprises 
species such as Euphorbia calycma and Zizyphus mauritiana, which are typical of the 
driest districts of Uganda. One possible explanation of this anomaly may be the fact 
that the planting and maintenance of a banana garden near a house may lead to an in- 
crease of plant nutrients in the soil; not only is there an addition of nutrients from the 
refuse put on the surface of the soil but, as the banana is a very deep-rooted plant, it 
may bring up nutrients and water from the lower layers of soil and subsoil. 

Much of the land to the north of Kakinze is not cultivated and smaller game animals 
are not uncommon there; the wild pig does a certain amount of damage to crops and, 
on that account, is hunted with dogs and nets. 

Seyajongo 

The hillside at Seyajongo is the most northerly of those described in this paper, and is 
situated at about U 32' N., 32"^ 4' E., close to the boundary of Buganda and Bunyoro. 

As is typical of the country around Lake Kyoga, the slopes are much more gentle than 
those around Lake Victoria; although the stretch of hill which is described is about 
4 km. long, yet the top is only about 30 m. above the river Kafu, which flows at the 
bottom of the hill. The climate is probably not so dry as that of the country north of 
Nakasongola, about 30 km. to the east, but appears to be typical of much of the north 
of Buganda; the average annual rainfall is probably about 1000 mm. 

Six stages of the catena are clearly visible (Fig. d): 

A. Woodland on the hilltop. 

B. Grassland and termite mound complex on upper slopes. 

C. Grassland and termite mound complex on middle slopes. 

D. Grassland on lower slopes. 

E. Valley grassland. 

F. River Kafu vegetation. 


A. Woodland on the hilltop 

The level hilltop is covered with woodland of scattered, spreading trees, up to 10 m. 
in height, with smaller trees between them and many patches of shrubs, usually grouped 
around termite mounds. The woody elements cover about one-third of the ground, leaving 
two-thirds to a cover of grass, which grows lushly to a height of 2 m. (Bl. 5, phot. 5). 

Albizzia coriaria is the most common tree, forming spreading specimens up to 10 rn. 
high; Acacia sieheriana is common and so is Lannea harteri, but they do not grow so 
large as the Albizzia, Other medium-sized trees are frequent — Ficus gnaphalocarpa, 
F. natalensis and Vitex fischeri. Smaller trees include Combretum binderianum , Grewia 
Mollis, Zizyphus mauriiiana and Bauhinia thonmngii — all of them species which are 
common in the drier woodlands of Buganda. Small trees Acacia holstii and Dichro- 
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stachys glornerata — growing in groups are regarded as indicators that there have been 
settlements here in the past, and so is the Chlorophora excelsa, of which there are one or 
two specimens (Thomas, 1944). 

The smaller trees are not evenly distributed over the ground, but are most abundant 
around the termite mounds; Euphorbia mlycina is frequent in the groups around the 
mounds, but is not found at a distance from them. Harrisonia abyssinica, a scandent 
shrub, is a very common constituent of the dense mass of woody plants in the anthill 
colonies; and Landolphia jlorida and Clematis incisodeniata are common climbers in these 
groups. 

HyparrheMia filipendula is the dominant species in the strips of grassland between the 
colonies of shrubs, while ImperaM cylindrica and Setaria sphacelata are common. On the 
outside of the colonies of shrubs and on the roadside, situations where the soil is more 



Fig. 8. Diagram of catena at Seyajongo. 


fertile than the average of the grassland, Panicum maximum, Brachiaria brizantha and 
Chloris gayana are common grasses. 

At the present time there is no settlement in this area but at a little distance to the 
east there is a considerable population. The main food crop is cassava: small patches of 
bananas and sweet potatoes are grown. Annual food crops are important — maize, beans, 
sirnsim and finger millet {Eleusine coracana)\ large plots of ground are roughly cleared 
from woodland, the trees coppiced and cotton planted as an export crop. 

There are no cattle in this area now— they all died about three years ago from trypano- 
somiasis when tsetse fly {Glossina pallidipes) spread into it. Sheep and goats still flourish 
and have an abundance of grazing. Because of the small population and of the abundance 
of grass, wild animals are numerous. Wild pig and small duiker do much damage to crops ; 
at times buffalo also come into the farms and cause much damage. Elephants, which are 
very troublesome in cultivations to the south and west, do not visit this neighbour- 
hood often. 
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Phot. (). Seyajon<^o catonn. Valley grassland in the dry season (zone E): 
seatt(M’('d ! in rass u s jlabej lifer and Imperaia cyh ixlricti in flower. 
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B. Grassland and termite mound complex on upper slopes 

There are fewer trees on the slopes of the hill than on the level top, and the character 
of the vegetation is better described as a grassland : for the grasses are the most important 
members of the community and the woody elements are confined to the frequent groups 
around termite mounds. Hyparrhenia filipendula is the dominant grass, and H, dissoluta 
is common. Both species grow in small tufts, with much bare ground between them, but 
their inflorescences form a fairly even cover at a height of nearly 2 m. A few herbs grow 
between the grasses. In two places, at about 100 m. and 200 m. below the cr^st of the 
hill, there are outcrops of ironstone, whose upper surface is parallel to the slope of the 
ground; in some places the ironstone is bare; in others, there is a thin cover of soil in 
which the dwarf grasses, Sporohohis festivus and Microchloa kunthii, grow to a height 
of about 25 cm. 

Euphorbia calycina is the most characteristic species of the woody groups around the 
termite mounds and specimens up to 8 m. high are common. Other common tree species 
in these groups are Vitex fischeri, Comhretum gueinzii, Zizyphus rnauritiana, Grewia 
mollis and Acaxia holstii, while Vitex cuneata and Strychhos innocua are less frequent. 
The stretches of open grassland form a violent contrast to these dense masses of trees 
and shrubs around termite mounds, whose growth is almost impenetrable when the 
prickly scandent shrubs, Acacia pennata and IJarrisonia ahyssinica, grow among and 
over them. 

C. Grassland and termite mound complex o.i middle slopes 

The second zone is on the steeper slopes near the top of the hill, and merges into this 
zone, which covers the greater part of the slopes of the hill. It is of the same type as 
zone B, but differs in some details: 

(a) There are fewer anthill colonies and most of the zone is made up of grassland in 
which Hyparrhenia dissoluta, growing to a height of about 2 m., is dominant. Hyparrhenia 
filipendula is common, and so is Setarm sphacelata. Many patches of cotton have been 
grown in this zone in recent years and the land which has been abandoned is covered 
with a mass of Imperata cylindrica, a species which is present, but only in small amounts, 
in the grassland which has not been disturbed for some time. There are clumps of Hypar- 
rhenia rufa, growing to a height of nearly 3 m., near some of the anthills; Panicum 
maximum and Brachiaria brizantha are common near anthills and beside the road. 

(/>) Not only are the colonies of trees and shrubs around termite mounds less common, 
but also they are more open in growth than those in the zone above. Albizzia zygia is 
very common on the woody groups. Ficus gnaphalocarpa, Erythrina tomentosa, Stegano- 
taenia araliacea> and Grewia mollis are common trees; and Harrisonm abyssinica is the 
most common shrub. Specimens of Borassus flabeUifer are scattered in the grassland 
away from the termite mounds. 

D. Grassland on lower slopes 

There are fewer termite mounds on the lower slopes of the hill and the vegetation 
consists for the most part of open stretches of grassland, in which Hyparrhenia dissoluta, 
mixed with H, filipendula, grows to a height of 2 m. : there is also some Imperata cylindrica 
in most parts of the grassland. 

There is a small group of huts at the base of the hill, on a slight rise in the ground. 
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Around them are some small banana gardens and patches of cassava, maize and cotton. 
Near these houses are stretches of land, now under a thick cover of Imperata, on which 
cotton has been grown in past years. 

Borassus palms are thinly scattered in this zone. Ficus gnaphalocarpa, Euphorbia 
calycina and, less frequently. Acacia sieheriana grow close to the occasional termite 
mounds. The tops of the mounds are bare but, near their bases, the mounds are colonized 
by grasses such as Chloris gayana and Setaria incrassata. It is interesting to note the 
latter species on the termite mounds, for it is a species typical of ‘black cotton soil’, 
the dark calcareous clay which is found in valley bottoms in the drier parts of northern 
Uganda (Thomas, 1944). S(4aria mcrassata is tolerant of waterlogged soil for considerable 
spells; yet it grows on the mounds, while the grasses which grow on the soil below are 
less tolerant of waterlogging. The reason for this anomalous distribution lies in the 
difference in soil composition — that of the mounds in a calcareous clay, while the soil 
around is poorer in lime and in clay content. ‘A pit dug to a depth of 1 m. showed a 
profile of grey sandy clay on the surface slowly merging into a light brown sandy clay 
at a depth of 1 m. 

E. Valley grassland 

There is a wide stretch of grassland at the base of the hill, sloping very gradually down 
to the river Kafu, over 1 km. away: some of the land near the river is under water in 
very wet seasons. 

The grassland is very mixed, especially near the ferry over the river; there is 
usually a sparse thin cover of grasses growing to a height of about 1 m. above the grey 
sandy soil In some places Setaria incrassata is dominant, in some places Hyparrhenia 
filipendula; and in some places H. rufa forms dark patches, growing to a height up to 
2 m., conspicuous among the other grasses. Chloris gayana, Themeda triandra, Hetero- 
pogon contortus (on knolls) and Bothriochloa insculpta are other grasses found in this 
zone. Imperata cylindrica is abundant. 

There are very few trees: Borassus flabellifer is thinly scattered over the ground; Ficus 
gnaphalocarpa occurs on some termite mounds; Acacia seyal grows in some of the depres- 
sions. But the general effect is one of almost level, open, grassland (PI. 5, phot. 6). 

The soil is grey, a mixture of clay and sand; in some of the higher parts the surface is 
sandy, but in the hollows it is of clay, very tenacious when wet and cracking deeply when 
it is dry. 

F. River Kafu vegetation 

Close to the banks of the river, there are patches of Hyparrhenia rufa : the banks them- 
selves are covered with Phragfuites mauritiana, growing to a height of 3 m. ; Sesbania 
aegyptiaca, a soft-wooded tree, is frequent. In some places, sheltered from the main force 
of the current, Cyperus papyrus grows in dense patches to a height of 3 m. above the 
usual water level. 

On the edge of the water the grass, Sacciolepis africana, and Jussiaea sp. grow, rooted 
in the mud and floating in the water. In the centre of the stream, a mauve Nymphaea sp. 
is common. 

The Seyajongo soils as a whole are greyer and are less acid than those from the wetter 
parts of Buganda. But, like those from other catenas, they illustrate the concentration 
of bases in and around termite mounds. 
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Seyajongo soils 





No. 

Zone 

Situation 

Character 

pH 

P 

K 

Ca 

1 

A 

Grassland, 11 . filipendula 

Palo brown loam 

60 

2 

1 

1 



dominant 




2 

A 

Termite mound colony 

Pale brown loam 

7-0 

1 

3 

3 

3 

D 

Patch of old cultivation, 

Grey sand 

60 

3 

3 

2 



Imperata dominant 





4 

D 

Termite mound, Setaria 

Grey clay 

7*5 

2 

3 

3 



incrassata dominant 





5 

E 

Miflced grassland in valley 

Grey sandy clay 

6-5 

2 

1 

2 


Discussion on Seyajongo 

This hillside is in drier and less populated country than the other ones described above: 
although there are signs of recent interference with the vegetation at Seyajongo, yet the 
cultivated area is in much smaller proportion to the uncultivated than in the other 
localities. And, on account of the influx of tsetse fly, there is now no grazing by cattle: 
in consequence the grass can grow unrestricted and the ground beneath is less trodden. 

The Seyajongo catena exhibits well a feature of the distribution of vegetation in the 
drier parts of Africa — that there are more trees and shrubs on the ridges than in the 
hollows. Michelmore (1939) has described this phenomenon and has suggested that trees 
do not grow in the valleys because they are intolerant of waterlogging; yet at Seyajongo, 
trees are scarce even on the lower slo])e8 of the hill, in places where there is never any 
waterlogging. 

It is interesting to note that in all zones of the catena there is a concentration of woody 
elements on and around the termite mounds but, while many trees are growing in grass- 
land on the hilltop away from the mounds, yet on the lower slopes of the hill and in the 
valley the trees, with the exception of the Borassus palms and Acacia seyal, are mainly 
confined to the termite mounds. Acacia seyal is abundant in parts of the Karamoja 
district of Uganda and it has been postulated that the frequence of the tree may be cor- 
related with the overgrazing of valley grassland (Thomas, 1944). It is probable that the 
same explanation may be given of its occurrence at Seyajongo. 

Yet it is difficult to explain the distribution of the Borassus palms; they are mostly 
mature, about 10 m. high, and there is not very much regeneration. This palm occurs in 
scattered localities of Uganda and is locally abundant in those places, but it is difficult 
to ascertain any climatic or edaphic factors which influence the distribution. It has been 
suggested that the seeds are carried by elephants, which are fond of the fruits; and, 
as the fruits are also used as food by some tribes, it is probable that human influence 
is also involved in the distribution. 
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THE REGENERATION OF DOUGLAS FIR, PSEUDOTSUGA 
TAXIFOLIA BRITT., IN THE NEW FOREST 

By E. W. JONES, Imperial Forestry Institute, Oxford 
{With, two Figures in the Text) 

Introduction 

Douglas fir, Pseudotsuga taxifolia Britton, was introduced to this country in 1827, but 
was used only as an ornamental tree for many years, so that there are few old stands of it in 
Britain. In the New Forest it was planted to a limited extent in some of the Inclosures made 
following the Act of 1851 . Usually it was only used in marginal hnes along rides, etc., but 
in Boldrewood Grounds a mixture of equal amounts of Pseudotsuga, Cedrus deodara Lawson 
and Pinus sylvestris L. was planted. Pseudotsuga has far outgrown its companions, which 
have now almost disappeared except at ride sides. In all these early plantings the 
Douglas were given ample space and grew quickly, so that they are now of impressive 
size. During the past twenty years regeneration has been appearing near all of them, and 
attempts are being made on an experimental scale to regenerate a small part of the 
Boldrewood stand. Natural regeneration of Douglas fir has also been observed in other 
parts of the country, e.g. Devon, Northumberland and Scotland, and there is every 
indication that it may naturalize itself fully in this country, and regenerate as freely as 
Scots pine. The condition and progress of its regeneration in the New Forest has been 
studied with the help of members of the staff and students of the Imperial Forestry 
Institute during 1941-3 in Busketts Lawn Inclosure, which was made in 1864 and planted 
shortly after. Some additional information has been gathered from Shave Green, another 
Inclosure of the same period, where ride-side lines of Douglas make a splendid avenue 
through crops of oak, Scots pine and larch. 

Site conditions 

Busketts Lawn Inclosure lies in the shallow valley of Bartley Water about 2 miles east 
of Lyndhurst. The portion with which we are concerned lies on an ancient flood plain of 
alluvial silts, loams and gravels through which the present stream runs at the bottom of 
a meanderihg channel incised some 4-5 ft. into the plain. The ground near the stream 
banks is slightly higher than that farther away and is thus better drained. There is 
therefore a well-marked zonation of soil types on either side the stream, due fundamentally 
to drainage conditions, but accentuated by variation in soil texture. Fig. 1 illustrates 
this zonation diagrammatically. Three major soil regions may be distinguished: 

I. Remote from the stream are gleyed podsols with 20-25 cm. of leached sandy loam 
or heavy sand overlying strongly gleyed clays. There is usually 6-8 cm. of raw humus — 
probably remaining from the former vegetation — with a further 6-8 cm. of pine litter 
and humus. 

II. As the stream is approached the degradation decreases, and the surface soil usually 
becomes heavier. There is thus an irregular belt of heavy loams of Brown Forest Soil 
type, where as a result of heaviness of soil gleying may approach to within 8 cm. of the 
surface. The humus is typical mull. 
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III. Between zone 11 and the stream deep well-drained loams predominate. They 
are scarcely gleyed, often silty, and are brown forest soils. The humus is mull, although 
on account of the crop there is a continuous litter 1-3 cm. thick of Douglas fir needles. 

The natural zonation of vegetation associated with the various soils is obscured by 
differences in the planted crop. Prior to 1940 the greater part of the area bore pure 
Scots pine, but a belt some 90-120 m. (300 -400 ft.) wide along the course of the stream 
bore pure Douglas fir, while on either side of it was a narrow region of variable extent 
where oak {Quercus robur L.) was mixed with the pine, or even locally replaced it. 
In many Inclosures of this period a mixture of oak with pine for nurse was pi vuted, as 
in some other parts of Busketts Lawn and adjacent inclosures, and in Shave Green, and 
according to the relative vigour of the two species on the soil in question sometimes one 
and sometimes the other has been suppressed or even exterminated. It is not certain 
whether oak was planted or is spontaneous in the present area, but most of the available 
evidence points to its being spontaneous. In either case its presence demonstrates the 


< PI N E X— PI N E OAK-^K DOUGLAS — FIR 



I • [ Lcodxd A Cloij Mol io/o Prcridiurn Rubus truiicosus 

Fig. 1. Diagram showing zonation of soil, ground vegetation and crop in 
Busketts Lawn Inclosurc. 


effect of the more basic soils tow^ards the valley centre, since if planted it w^ould certainly 
have been mixed with the pine over the whole block. 

The survey of the forest by Richardson, King, Driver & Abraham in 1787 shows that 
there was then a belt of woodland along the sides of the stream on approximately the 
same area as the Douglas fir, while on either side, where the pine w as subsequently planted, 
were treeless grazed ‘Lawns’. There would thus have been abundant oak seed in the 
area near the stream. In a general way therefore, the pine region corresponds to soil 
zone I, the oak-pine region to soil zone II, and the Douglas fir region to soil zone III, 
though of course the coincidence of soil and crop boundaries is not close, especially for 
the Douglas fir crop. 

In 1941, when 77 years old, the pine was 25-27 m. (80-87 ft.) tall and there were about 
520 stems per ha. (210 per acre). Although there were frequent stunted oak 0-5-2-0 m. 
tall beneath, and also occasional chestnut {Castanea saliva Mill.), holly {Ilex aquifoliuni L.) 
and Betula spp. beneath it, there was no true understorey. There were two well-marked and 
often sharply defined types of ground vegetation, with Molinta coendea and Pteridiuni 
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aquilinum as the respective dominants. The Pteridium type was much the more restricted, 


and usually on the better drained, less degraded soils nearer the stream. The following 

a typical example of the Molinia type: 




Canopy, pure Finns 

sylvestris 


Mulinia ooerulea 

c.d. 40% cover 

Poly tri chum forraosum Hcdw. 

o. 

Rubu8 fruticosus agg. 

c.d. 

Thuidium tamariscinum B. & S. 

v.a. 

Ilex aquifolium, 1 ft. tall f. 

Hypnum schreberi Willd. 

v.a. 

Hedera helix 

o. 

Braohytheeium purum Dixon 

v.a. 

Calluna vulgaris 

r. 

Hylocomium splondens B. & 8. 

o. 

Vacoinium myrtillus, clans v.l. 

Lophocloa cuspidata Limpr. 

o. 

Agrostis alba 

r. 



Luzula conges ta 

r. 



Galium saxatile 

r. 



Potentilla erecta 

r. 



Teucrium scorodonia 

r. 




Bryophyte cover 40% 
Conifer litter cover 20^ 

)'o 



Phanerogam cover 40% 


The following is an example of the Pteridium ground vegetation: 



Canopy, pine with occasional oak 


Pteridium aquilinum 

d. (50% cover 

Deschampsia flexuosa 

I.a. 

Rubiis fruticosus 

v.a. 30% cover 

Carex pilulifera 

o. 

Molinia coerulea 

v.a. 30% cover 

Ilex aquifolium 

o. 

Hodora helix 

I.a. 




Bryophytt^s; species as in Molin 
Conifer litter cover 20% 
Phanerogam cover 60% 

ia type, cover 20 % 



In more extreme examples Pteridium is tall and dense and has little else but Ruhus 
fruticosus growing with it. Whether there is a well-marked Pteridium zone or not, transect 
data show a gradual increase of Pteridium in passing from the valley sides towards the 
centre, and the Pteridium zone is transitional in several respects between the Molinia zone 
and the oak-pine region. 

In the oak-pine region the oak is of the same age as the pine, and there are frequent 
patches of pure oak. Pteridium is not abundant, and often absent. Ruhus fruticosus is 
often more abundant and luxuriant than on the preceding soils, and while Molinia 
remains abundant, in lighter places there is also much Agrostis tenuis, A. alba, and 
locally Holcus mollis, Deschampsia flexuosa, and Brachypodium silvaticum. There are 
frequent carpets of Oxalis acetosella, and small amounts of Viola riviniana, Lysimachia 
nemorum. Euphorbia amygdaloides and similar herbs. Hylocomium loreum B. & S. and 
Eurhynchium striatum B. & S. are abundant and characteristic mosses. The whole region 
is variable, and it is difficult to select a typical sample for listing, as has been done with 
the Molinia and Pteridium types. 

The Douglas fir was 36- 38 m. (120-127 ft.) high in 1941, and, despite its wide spacing, 
so dense that there is now a continuous carpet of needles ]3eneath it, with no ground 
vegetation except in slight gaps where there are carpets of Oxalis, with herbs such as 
Viola riviniana, Lysimachia nemorum and Sanicula europea. Ash {Fraxinus excelsior L.) 
seedlings are abundant in some of the larger gaps. Despite the paucity of vegetation, 
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the floristic richness of this region bears testimony to the more basic soil. The Douglas 
fir belt as a whole, including the stream banks, yields species such as Circaea lutetiana, 
Carex remoia^ Primula acaulis, Mercurialis perennis, Festuca gigantea, Sorbus tormirialis 
(seedlings). Geranium robertianum and Deschampsia caesjntosa, several of which are rare 
species in New Forest woods. 

Recent history of area and progress of work 

In the winter of 1940-1 some blocks of pine were felled for regeneration, 20 .‘10 trees per 
acre being left to provide seed for restocking, and similar treatment of other blocks 
continued through the summer of 1941 up to the spring of 1942. During the autumn 
and winter of 1941 the Douglas fir was heavily thinned, while throughout 1942 and 1943 
there was felling of oak. Studies have been made in four blocks bounded by rides, which 
for convenience will be referred to by letters, and which represent the following three 
conditions : 

Block A. Pine regeneration fellings made in summer 1941 spring 1942. 

Blocks B, C. Pine regeneration fellings made in winter 1940-1. 

Block D. Pine lightly thinned, but no regeneration fellings yet made (autumn 1 943). 

When work began in 1941, Douglas fir regeneration was most abundant in block D, 
being present on all soils in the oak-pine and pine regions, sometimes scattered singly, 
but more often in groups, with trees up to 305 cm. (10 ft.) high. Four belt transects 
(about a 1 % sample) were made across the valley, the number, height and age (determined 
by counts of branch whorls) of all young Pseudots'oga present within adjacent 6x6 ft. 
(183 cm. square) quadrats being recorded. Reassessments have been made on three out 
of the four transects in 1942 and 1943, but since the object has been to study the entry 
of fresh seedlings rather than the amount of older regeneration, 6 ft. quadrats were 
replaced by quadrats 2 ft. (61 cm.) square sj)aced at 6 ft. intervals. In these two latter 
years however attention has lieen devoted mainly to blocks A-C, which had then been 
felled. These were also studied by 2 ft. square quadrats spaced at 6 ft. intervals on 
transects across the valley. The number and age of tree seedlings present was recorded, 
and also percentage cover by litter, Molinia, Rubus fruticosus, Pteridium, moss, grasses 
other than Molinia, and phanerogams other than these. The samples in 1942 and 1943 
amounted to 0*()5-0-l % of the total area. 

Seed production by Douglas fir 

Entry of new seedlings into the Busketts Lawn crop is certainly periodic, and this appears 
to be due to erratic seed production. In 1941 only a single first-year seedling was found, 
and second-year seedlings were equally rare; third-year seedlings (germinated 1939) 
were the youngest present in any appreciable number. In 1942 first-year seedlings were 
abundant throughout the New Forest; in 1943 they were very much scarcer, though 
more abundant than in 1941. The first and second lines of Table 1 compare the figures 
for 1942 and 1943. 

Table 2 shows the age classes recorded in the 1941 transects. There is, of course, liability 
to underestimation in determining ages from branch whorls, and it is practically certain 
that the seven plants recorded as 2-year-olds were in fact small o-year-olds; I myself was 



Table 1. Numbers of Douglas fir seedlings in Busketts Lawn Inclosure, 1942 and 1943 
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unable to find a single certain example of a second-year seedling. The figures suggest 
maxima in the 3-year (1939), the 7-year (1935) and the lO-year (1932) classes, but the 
numbers in the intervening classes are so large as to suggest that there has been some 
establishment in some of these years. It is, for example, hardly likely that all the eleven 
]>lants recorded as 4 years old were in fact 7 years old. 


Table 2. Age classes of Douglas fir seedlings in Busketts Lawn Inclosure 

(a) In the transects 


Ace 

frcrminated 



Transect no. 



class 

in 

1 

2 

3* 

4 

1-4 

It 

1941 


? 1 


? '2 

?3 

2t 

1940 

?2 

V 2 

V 2 

? 1 

? 7 

3 

1939 

1 

11 

6 


18 

4 

1938 


7 

2 

2 

11 

5 

1937 

2 

8 

4 

3 

17 

6 

1936 

5 

6 

4 

3 

18 

7 

1935 

3 

19 

3 

3 

28 

8 

1934 

10 

8 

3 

2 

23 

9 

1933 

7 

7 

1 

1 

16 

10 

1932 

15 

4 



19 

11 

1931 

8 

1 



9 

12 

1930 

3 




3 

13 

1929 

2 




2 

14 

1928 


i 


i 

2 

17 

1925 

. 



1 

1 

Range of ages (years) 

11 

12 

7 

15 

17 

No. 

of seedlings 

58 

75 

25 

19 



* Five additional ac^e<llings in transect 3, ages unspecified, but greater than 10. 
t All records of 1 and 2 yr. old seedlings very doubtful. 


(b) In single groups of regeneration 
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Range of ages (years) 

10 

10 

9 

7 

5 

6 

3 

6 

5 or 4 

5 

5 

5 

5 

6 or 

No. of 

seedlings 

6 

24 

15 

9 

10 

17 

6 

4 

4 

5 

5 

4 

4 

14 


The Busketts Lawn Douglas are probably only just attaining full bearing capacity. 
In 1941 only a quarter of the trees had any fallen cones beneath them, and cones were 
present on scarcely any of the trees that were felled that autumn. In 1942 and 1943, 
when many of the adjacent crops had been felled and the Douglas itself thinned, it was 
possible to get further information on cone production by examining the crowns with 
binoculars, and trees in the avenue in Shave Green Inclosure were examined in the 
same way. The results of these assessments are given in Table 3. 

J. Ecol. 33 


4 
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These figures confirm the fact that in Busketts Lawn, where it must be remembered 
a number of the smaller trees had already been felled, only a small proportion are yet 
coning. By the ride side in Shave Green, however, coning is much better. 


Table 3. Numbers of Douglas fir bearing cones of the current year 

1942 1943 

Number of trees bearing Number of trees bearing 


Many 

Few 

No 

No cones 

Many 

Few 

No 

No cones 

cones 

cones 

cones 

of any age 

cones 

cones 

cones 

of any age 

Busketts Lawn: 

No. 0 

3 

72 

40 

0 

12 

28 


% 0 

4 

96 

53 

0 

30 

70 

* 

Shave Green: 

No. 1 

lot 

79 

10 

2 

3 

75 

13 

% 1 

11 

88 

11 

21 

4 

94 

16 


* Not recorded. 

t Only a single cone seen on each of four of these. 

All figures refer to current year’s cones, except for the fourth and eighth columns. 


The distribution of established regeneration 

The established regeneration of block D is present throughout the oak-pine and pine 
regions, but is very irregular in distribution, much of it being locahzed in groups which 
may be up to 18-27 m. (20-30 yd.) acro.ss. This irregularity is demonstrated by the 
fact that for the pine and pine-oak regions the average density was 0-102 seedlings 
per sq.m. (0-443 per quadrat), while the maximum density for an area of 20 sq.yd. 
(16-7 sq.m.) was 1-02 per sq.m., and 40% of the quadrats containing seedlings were in 
groups of three or more consecutive quadrats. The young trees are not distributed at 
random, and the frequencies of quadrats with 0, 1, 2, ..., etc., seedlings do not fall on 
a Poisson distribution. The mean number of seedlings per quadrat is 0-443, the calculated 
variance 1-23, and the relative variance (cf. Clapham, 1936) 2-8. The causes for this 
aggregation of young plants might either be that conditions were unsuitable for 
germination and early growth of the seedling, or for its later growth. Groups of regenera- 
tion are present through the whole of the pine and pine-oak regions, but despite the 
fact that the latter is much nearer the source of seed it is much more poorly stocked. 
This is the explanation of the low initial values for the curve in Fig. 2, and is also shown 
by the following figures (for block D, 1941): 

Beneath pure Scots pine Beneath oak 

^ — X and pihe-oak 

On On brown On brown 

podsols forest soil forest soil 


Total number of quadrats 

234 

85 

88 

No. of quadrats with Douglas fir seedlings 

55 

28 

12 

Total number of Douglas fir seedlings 

97 

66 

15 

Percentage of quadrats with Douglas fir 

23*5 

30*3 

13*6 

Mean number of Douglas fir per quadrat 

0*414 

0*777 

0*170 


Proportion of quadrats with Douglas fir seedlings beneath pine = 83/319. 

Proportion of quadrats with Douglas fir seedlings beneath oak -pine = 12/88. 

X[i] for this difference = 8 0; P = 0*004. 

It appears to be the nature of the crop rather than that of the soil which is responsible 
for the poor stocking of the oak-pine region. The patches where regeneration is abundant 
in this region are often small and sharply limited, and invariably have thick (2-5-7-6 cm., 
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13 ill.) pine litter in contrast to areas close by where regeneration is absent, and which 
have very thin pine litter or pure deciduous litter. This dependance on the kind of litter 
has been fully confirmed by studies of the distribution of first-year seedlings in 1942. 

While saplings of all ages up to about 20 years are present in block D as a whole, in 
any one group the range of ages is restricted. The figures in Table 2 show that while in 
the whole area there are 3-year, 7-year, and lO-year age maxima, transect 2 has only 
the 3-year and 7 -year maxima, while transects 1 and 3 have only one well-marked 
maximum each, the 3-year and 10-year respectively. This table also gives the age-class 
composition of the principal groups of regeneration crossed by the transects (gr ups of 
five or more seedlings in ten consecutive yards of transect). Some of the groups (e.g. r, g, e) 
have only one maximum each, and when they have more (e.g. groups b, 7i) only one year 
separates them. The figures also suggest that the older the oldest plants in a group, (i) the 



Fig. 2. Relation between distance northwards from seed-trees and number of young 
Douglas fir. Block D, Busketts I^awui Iiielosure, 1941. 

less recently has been the latest recruitment of new seedlings, and (ii) the earlier was 
the principal colonization. This evidence all suggests that in any one area the ground 
does not ordinarily remain in a receptive condition suitable for free establishment for 
more than a period of about 5-7 years. 

Conditions for establishment of first-year seedlings 
In 1942 the abundance of first-year seedlings together with the variety of conditions 
provided by recent fellings gave an excellent opportunity for obtaining information on 
the kind of ground cover suitable for early growth. 

(a ) Entry in the Douglas fir region 

First-year seedlings are by far the most abundant in the Douglas fir region, beneath 
the thinned crop, as the figures in Table 1 show. It appeared that undisturbed thick 
litter was relatively poorly stocked, but slight disturbance was favourable. Thus the 

4-2 
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edges of tractor tracks, where the humus crust had been moved but not destroyed, had 
many seedlings, but the tracks proper with hardened and sometimes puddled soil were 
completely barren. Thin litter over mineral soil seemed to be very favourable, and 
seedlings were not infrequent on exposed mineral soil where this had not been compacted 
or greatly disturbed. Abundant seedlings have also been seen in mounds of sawdust. 
In a sample of thirty-nine regularly spaced 2 ft. (61 cm.) square quadrats in block B in 
1942, only thirteen (33%) had no seedlings, while eight (20%) had 3-8 seedlings each. 
The thirteen blank quadrats were accounted for as follows: 

5 quadrats. Carpet of herbaceous vegetation (mainly Oxalia acetosella, with Viola rivinianxiy etc.) 

4 „ On dragging or tractor tracks. 

2 „ On piles of lop and top. 

2 „ Apparently suitable for colonization; absence of seedlings presumably duo to chance. 

Even a thin carpet of herbaceous vegetation appeared to prevent seedling establishment 
almost completely. 

(h) Entry in the pine-oak region 

In a part of the pine-oak crop which had been felled for regeneration in 1941-2 seedlings 
were extremely local, and always confined to areas formerly beneath pine trees, where 
there was pine litter. Of twenty random 2 ft. (61 cm.) square quadrats none had seedlings, 
while of twenty quadrats located by pine stumps thirteen had seedlings. If it be assumed 
that in this region the chance of getting a quadrat with a seedling is 13/40, then from 
the binomial (13/40 + 27/40)^^ the probability of obtaining by chance a sample of twenty 
quadrats without seedlings would be about 0*0004. Comparison of the quadrats near the 
pine stumps with the remainder shows that the principal difference lies in the higher, 
proportion of litter and the fact that this is conifer rather than deciduous. Near the 
stumps 100% of the quadrats contain conifer litter and its maximum cover recorded 
is 80%, while in the random quadrats only 20% contain conifer litter, and its maximum 
cover is 20 % . 

An assessment of young regeneration by means of 2 ft. (61 cm.) square quadrats was 
also made in the various crops near the avenue in Shave Green Inclosure. Out of forty 
quadrats containing Douglas seedlings only one was beneath a canopy containing deciduous 
species, while of forty-eight quadrats without seedlings fifteen were beneath a mixed 
pine-deciduous canopy, and thirty-three beneath pure pine (;)(|fj for this difference = 12*15; 
P = 0*001). Thus it seems quite clear that thick pine litter is favourable for regeneration, 
and that seedlings do not establish themselves, even in the absence of canopy, in litter 
which is predominantly deciduous. 

'N 

(c*) Entry in the pine region^ and further examination of effect of ground conditions 

Study of the distribution and ages of the older seedlings and saplings suggested that 
ground conditions were only locally suitable for seedling establishment, and Temained 
suitable for a relatively short period. Areas where the younger age classes are present 
in the pine region always have little vegetation and much Utter and thin moss of species 
such as Hypnum cupressiforme var. ericetorum B. & S., Hypnum schreberi Willd., Dicranum 
scopanum Hedw., etc. These features also characterize the areas where first-year seedlings 
were present in 1942. 

A more precise evaluation of the effect of the nature of the ground cover on regeneration 
has been obtained by a statistical treatment which is outlined in the appendix. These 
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tests confirm the importance of a high cover by litter, but in Shave Green and in'Busketts 
Lawn, blocks A-C, the association between regeneration and the total cover of moss 
+ litter -h bare ground is much stronger than with litter or moss alone. Phanerogamic 
cover in general appears to be unfavourable. The adverse effect of even a low cover of 
Vaccinium myrtillus is especially striking, since quadrats with Vaccinium usually have 
a high cover of moss and litter ; the average cover of moss -|- litter for quadrats with 25 % 
or more Vaccinium is 50%. Vaccinium may perhaps prevent establishment mainly 
through root competition. The fact that in Shave Green Rubus fruticosus appears to be 
associated with favourable conditions is curious. The number of quadrats with Rubus 
is not large however, and its cover is small; it is greater than 10% only in' 2/13 quadrats. 
Possibly the association arises merely because both Rubus and Douglas fir seedlings are 
more shade-tolerant than the other field-layer species. 

Subsequent progress of regeneration 

The difference between the figures in the third and fourth lines of Table 1 for total number 
of seedlings in 1942 and second year -folder seedlings in 1943 gives the mortality, within 
the limits of sampling error. There appear to be very different mortality rates in the 
different regions, but it is unfortunately impossible to make a satisfactory estimate of 
the significance of the differences. 

The greatest mortality apparently took place in the Douglas region, where despite 
thinning the shade was still too dense to permit of more than local establishment. In 
the Pteridium there appears to have been a heavier mortality in blocks B and C than in 
block A; Scots pine seedlings show a parallel behaviour. This may well be because 
blocks BandC were felled a year before block A, and the bracken is correspondingly denser. 

The mortality in the Pteridium region of block A appears to have been very slight, 
and since the sampling here will have been more adequate than that for the other regions 
of blocks A -C on account of its heavier stocking, the figures may indicate that the shelter 
afforded by thin bracken is favourable for survival, as was found in America by 
W. F. McCullock (1942). 

Douglas fir is always described as intolerant by American authors. When young it 
thrives well beneath the canopy of pine and oak however, and under these conditions 
its maximum height at 10 years is about 180 cm. (72 in.), and its average height 100 cm. 
(40 in.). The canopy also affords protection against frost; in the spring of 1943 about 
40% of the seedlings in the open were cut back by frost, while those under canopy escaped 
injury. In the sapling stage barking of the stem by deer appears to be the most serious 
danger. Douglas fir is very sensitive to this, and die-back or complete death follows 
removal of only a small part of the bark. 

vCoNCLUSIONS AND DISCUSSION 

American authors find a similar irregular periodicity in seed production to that indicated 
in the New Forest, good seed years usually occurring at intervals of 3-5 years (Allen, 1942 ; 
Haig, Davis & Weidman, 1941); indeed, a periodicity of this kind probably characterizes 
the majority of trees. 

Establishment in the area studied seems to be largely determined by the presence of 
a carpet of coniferous litter, deciduous litter providing unsuitable conditions. Bare 
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mineral soil is also suitable, and after disturbance its presence might be an important 
factor in promoting regeneration. Several American authors (e.g. Larsen, 1924; Haig, 
1936) have studied the effect of different kinds of substratum, including forest ‘duff’ of 
various kinds, on the germination and survival of Douglas fir. There is, however, no 
indication as to whether the duff used included litter from deciduous species. Fisher 
(1935) compared germination on various substrata under greenhouse conditions. Duff 
from several different sources was used, but no information is given as to how these 
differed from each other. Douglas fir germinated best on duff from an ‘overmature 
virgin stand’ of Finns monticola, while duff from a ‘virgin mixed stand’ was amongst 
the poorest of the substrates. If the term ‘mixed’ here implies mixture with deciduous 
species, his figures confirm the findings of the present work. 

In the pine and the pine-oak crop a carpet of bare litter or litter with moss and little 
higher vegetation seems to be necessary. When the canopy becomes sufficiently open to 
permit Douglas fir establishment other vascular plants also begin to invade, and in a few 
years further entry of Douglas fir becomes impossible. There will thus be a limited period 
in the development of the crop when a hitherto dense canopy is beginning to open during 
which conditions for regeneration are very favourable. In the absence of canopy open 
vegetation with much litter and moss also appears to be necessarj^ , and coincidence of 
a good seed year with the year of felling would apparently be needed to give a good 
stocking of young Douglas fir. 

The role of Douglas fir in Britain 

It is interesting to speculate on the possible future for Douglas fir in British vegetation. 
In its shade-tolerance in youth it exceeds most British trees except Fagus, In rate of 
growth, on suitable soils, lb is comparable when young with sycamore and birch, and 
this high rate is maintained longer, so that at the age of eighty it is usually much taller 
than any other British tree at maturity. In North America, it attains an age of many 
hundreds of years, and unless it proves susceptible in this country to butt rot or other form 
of disease, it should rival most of our indigenous trees in longevity. All these traits, coupled 
with its ability to regenerate on an organic substratum, appear to fit it for the role of a climax 
dominant. If, however, its behaviour in the New Forest is characteristic, it would only 
be able to enter our native woodland freely under the rather special conditions provided 
by the floor of a conifer crop or by the clearance of vegetation by felling, burning, etc. 
Very slow invasion might of course take place without these special conditions, and this 
would be assisted by its ability to regenerate on its own litter. 

My thanks are due to Prof. H. G. Champion, Mr A. Foggie and to all the Students of 
the Imperial Forestry Institute who have helped in the collection of data during the 
summers of 1941-3. Without the assistance of the students the collection of the large 
number of quadrat records would have been impossible. My special thanks are also due 
to the Deputy Surveyqr of the New Forest, Mr D. W. Young, who has always been most 
attentive to our wants and has given us every facility which he could. Full records of 
the work have been deposited in the Institute library. 
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APPENDIX 

Statistical examination of quadrat data^ 

Comparisons have been made between the frequencies of cover classes in quadrats with seedlings and 
in quadrats without seedlings. For example, of the 157 quadrats without first-year se^edlings in block D 
138 (87%) had no litter while six (2-3%) had 80-100% litter. Of the thirty-seven quadrats with seedlings 
three (8*1%) had no litter, and sixteen (43-2%) had 80-100% litter, so that there is apparently an 
association between presence of seedlings and litter. The frequency distributions of the cover-classes of 
all the field-layer components for populations of quadrats with and without seedlings have been compared 
in this way, and the significance of the differences between them tested by f-he alculation of 

it is always necessary to group some cover classes together on account of the small numbers of quadrats 
in them, and frequently it is only possible to use two groups, when a 2 x 2 contingency table results. 
The value of x® may depend to a considerable extent on the boundaries chosen for the groups. Thus for 
the association of regeneration with moss in Shave Green x^ = 5*7 when comparison is made between 
quadrats with 25% or more moss cover and those with less. If 50% moss cover is taken as the boundary 
between the two groups however ^ — 1-46. The comparisons have been made for the following populations : 

(1) Sixty -nine quadrats beneath pine in Shave Green Inclosure. 

(2) 194 quadrats in all regions of block D. 

(3) 491 quadrats in pine and pine -oak regions of blocks A-C. 

liable 4 gives the results of the tests of significance. The figures for Shave Green relate to the presence 
of l--4-year-old seedlings; the other figures relate to first-year seedlings only. 
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X* 

P 
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'a 
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P 
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- 
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- 
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- 

3 
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0-5 

• 
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1 
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O-OOl 
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3 
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N = degrees of freedom. 

P — probability of chance occurrence of association. 

Ass. — nature of the association, w^hether positive or negative. 


Many of the differences between Shave Green and block 1) of Busketts Lawn are explicable by the 
fact that in the latter the majority of the seedlings are in the Douglas fir region which is almost devoid 
of ground vegetation. This explains the exceptionally strong association with litter. Since moss is prac- 
tically absent in the Douglas crop but abundant beneath the pine, it appears slightly unfavourable, 
and association of seedlings with combined cover of litter plus moss is lower than that with litter alone. 
The antagonism to Ruhus may also bo partially explained in this way, but must also be largely due to 
the abundance of Ruhus in the oak-pine region where litter conditions are unfavourable. 

In the felled blocks A-C the relations appear to be similar. The most striking differences are the 
indifference of regeneration to Ruhus and the decreased association with litter. The change with respect 
to Ruhus may be due to the alterations in vegetation following felling. Before felling Ruhus w as associated 
more particularly with the heavy soils of the oak -pine region, and though widosprtmd elsewhere formed 
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very little cover, bo that it was present in only 58% of the quadrats in the pine and pine-oak regions. 
After felling it increased in abundance so that it was present in 73% of the quadrats in blocks A-C, 
but cover was still very low. The lack of sensitivity to litter is perhaps explicable by the much greater 
proportion of litter after felling (as a result of destruction of ground vegetation) ; obviously the more 
widespread favourable conditions, the less sharply will their influence be shown. In the unfelled crop 
73% of the quadrats had no litter and 19-7% had 50% or more; in the felled crop 19*3% had no litter, 
and 45*9% had 50% or more. 
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SIXTH REPORT OF THE TRANSPLANT EXPERIMENTS 
OF THE BRITISH ECOLOGICAL SOCIETY 
AT POTTERNE, WILTSHIRE 

By eric M. MARSDEN-JONES and W. B. TURRILL 

The last published report of the Transplant experiments (J. Ecol. 26 , 359-79, 1938) dealt 
with results up to the end of 1937. This report gives and considers the results obtained 
for the three years 1938-40; the plant scorings to the end of 1940 and the meteorological 
data to the end of September 1940. The committee was compelled by circumstances 
outside its control to discontinue the experiments from the end of 1940. 

Transplant experiments with Silene mariiirna were completed in 1938, and the plots 
previously occupied by this species were used for Solanum dulcamara var. marinum. 


Meteorological data 

The total annual rainfall for 1938 was 578*25 mm. (23*53 in.), for 1939 was 760*50 mm. 
(30*42 in.), and for the first nine months of 1940 was 362*75 mm. (14*51 in.). There were 
156 ‘rain days’ in 1938, 164 in 1939, arid 90 in the first nine months of 1940. 


Meteorological data 
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8-14 


9-4 

49 

- 3*3 

20 

15-21 


8-3 

47 

- M 

30 
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MeMorological data (continued) 
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Meteorological data (continued) 
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Meteorological data (continued) 

Rainfall 
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40 

83 

16 

15-25 


4 


22-28 


18*9 

66 

0*6 

33 

83 

19 

0-75 


1 


29-30 


IM 

52 

50 

41 

83 

39 

0-0 

27-75 

0 

9 


Drought of the summer of 1940 

There were some rather marked effects of the dry periods in the summer of 1940, but, 
as shown by scorings to the end of the year, these were mostly temporary. The following 
were noted: 

Centaurea. Wilting of basal leaves was most obvious on sand ; it was relatively slight 
pn calcareous sand and clay; no wilting was observed on chalky clay and Potterne soil. 
All wilted ramets recovered completely and quickly after rain. 

Plantago. No wilting occurred in August, but on all soils the older leaves showed 
considerable development of purple anthocyanin. Later (12. ix. 40), on Potterne soil, 
chalky clay, and clay, many of the outer leaves wilted and died off, while on sand and 
calcareous sand few leaves were affected. 

Fragaria. Certain outer leaves dried up, especially on chalky clay, calcareous sand, 
and sand. 

Solanum dulcatnara var. marinum. There was undue leaf-fall from ramets on clay, 
chalky clay, and Potterne soil, but little other effect was observed. 

Phleum pratense. Withering and browning of leaves were least on Potterne soil, but 
were more marked in the sequence on sand, calcareous sand, clay, and (most) chalky 
clay. 

Phleum. nodosum. Withering and browning of leaves were least marked on clay, but 
were more marked in the sequence on chalky clay, sand, calcareous sand, and (most) 
Potterne soil. 

The great ice storm of 28. i. 40 did not appear to have damaged the plants on any of 
the plots. The very favourable spring that followed was probably the main cause of some 
peculiarities in flowering and fruiting noted for a number of the species. 
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Biotic factors 

Slug damage was negligible or absent on all plots for all three years. 

Grasshoppers maintained themselves on Phleum nodosum ramets on Potterne soil, 
but did no noticeable damage to the plants. 

In all three years most moss growth occurred on calcareous sand, then, in descending 
order of abundance, on sand, Potterne soil, and the clays. Cladonia was very abundant 
on sand except on the Centaurea plot, where there was none till 1940, and was most 
abundant on the Phleum plots. Cladonia was not observed on the other ^oils till 1940, 
when it was found in small patches on clay and Potterne soil. 

Centaurea nemoralis Jord. forma radiata albiflora 

Seasonal conditions and deaths. The only additional deaths to record were No. 81 on 
chalky clay and Nos. 146 and 150a on Potterne soil, all three in 1940. Thus in 13 years 
the following ramet deaths have occurred : 


Soil 

Kamets 

Deaths 

Sand 

26 

0 

Calcareous sand 

26 

0 

Clay 

26 

8 

( 'halky clay 

26 

7 

Potterne soil 

26 (+5) 

5 (+5) 

. 

130 (135) 

20 (25) 


Adding 5 to each figure for Potterne soil, to account for replacements in 1931, the ratio 
for living ramets to total ramets used, is, after 13 years, 0*81 : 1, and the ratio of total 
ramets used to total deaths during the same period is 5*4 : 1 . Th(‘ greater number of 
deaths was due to rotting resulting from overcrowding of centrally placed ramets following 
lush growth of the marginally situated ramets. Primary spring growth commenced early 
in 1938 and 1939 and was marked on all soils by 13. ii. 38. On 5. ii. 39 and 11. iii. 40 the 
sequence (most growth first) was: clay, chalky clay, sand, calcareous sand, Potterne 
soil. For 21. xii. 39 and 19. xi. 40, the sequence for winter growth (best first) was: 
chalky clay, clay, sand, Potterne soil, calcareous sand. There has been no alteration in 
the erect habit of the stems on any of the soils, but at Kew the stock retained the 
ascending stems. 


Seedlings 

13. ii. 38 

24. iv. 38 

12. viii. 38 

20 X. 38 

Sand 

Few 

Very numerous 

Very numerous 

Very numerous 

Calcareous sand 

Very few 

Very numerous 

Numerous 

Very numerous 

Clay 

None 

Numerous 

Few 

Few 

Chalky clay 

Very few 

X'^ery numerous 

Numerous 

Numerous 

Potterne soil 

None 

Numerous 

Numerous 

Numerous 


5. ii. 39 

10. iv. 89 

16. X. 39 

17. iv. 40 

Sand 

None 

Few 

Few 

Very few 

Calcareous sand 

None 

Very numerous 

Very numerous 

Numerous 

Clay 

None 

Few 

None 

N umerous 

Chalky clay 

None 

Numerous 

Very few 

Very numerous 

Potterne soil 

None 

Few 

None 

Very few 


20. ix. 40 

26. ix. 40 

17. xi. 40 


Sand 

None 

Few 

Very few 


Calcareous sand 

Very few 

Numerous 

Very few 


Clay 

None 

Very few 

Very few 


Chalky clay 

Very few 

Numerous 

Very few 


Potterne soil 

None 

Few 

Very few 
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The scoring for 26. ix. 40 was made a few days after rain fell and shows the effect of 
rain when compared with the scoring for 20. ix. 40. 

General tone. Sand maintained the first place throughout the three years. There was 
fluctuation in the sequence of tone on the other soils with a tendency for general improve- 
ment (apart from deaths) on the clays and Potterne soil. The sequence at the final scoring 
(26. ix. 40) was (best first) : sand, calcareous sand, chalky clay, clay, Potterne soil. The 
natural cloning on ail soils had by the spring of 1939 practically reached its limit from 
the original centres. Most had occurred on sand, then, in descending sequence, on clay, 
calcareous sand, chalky clay, Potterne soil. 

Stem heights {maximum for every soil, in dm.) 


Sand 

Calcareous sand 
Clay 

Chalky clay 
Potterne soil 


23. viii. 39 


19. viii. 40 


8-3 

8- 3 
90 

9- 8 
6-5 


7-7 

7- 4 

8 - 2 
8-4 
8*3 


Number of flowering stems per ramet 


Sand Calcareous sand Clay Chalky clay Potterne soil 


r 

A 

^ 

r 

A 

^ 

f 

— — 

^ 

f 



■ > 

f 

A 

\ 

1938 

1939 

1940 

1938 

1939 

1940 

1938 

1939 

1940 

1938 

1939 

1940 

1938 

1939 

1940 

Total ramets 26 

26 

26 

26 

26 

26 

18 

18 

18 

20 

20 

19 

23 

23 

21 

Total stems per soil 2111 

2331 

2090 

1653 

1824 

1620 

1080 

1073 

1045 

1393 

1390 

1283 

761 

721 

619 

Max. per ramet 145 

205 

168 

157 

172 

156 

107 

112 

107 

125 

120 

104 

87 

83 

73 

Min. per ramet 24 

22 

35 

18 

18 

17 

25 

34 

29 

10 

10 

11 

4 

4 

0 

Mean per ramet 81 *2 

89-7 

80*4 

63-6 

70-2 

62-3 

600 

59-6 

58*1 

69*6 

69*5 

67‘5 

33* 1 

31-3 

29-5 

Standard deviation 32-9 

44-6 

35-2 

4M 

44-5 

40-4 

21-4 

20-6 

19*0 

3 10 

28-6 

26*4 

18-7 

19-5 

20-4 


The regularities shown by the figures for numbers of flowering stems in Centaurea are 
instructive and suggest that the character though simple is a valid criterion of soil 
influence. The total number of stems per soil and the mean per ramet are uniformly 
highest on sand, quantitatively in agreement with our qualitative scoring for ‘general 
tone’. In these respects the plants on Potterne soil definitely occupy the lowest ])osition 
and, except for ‘mean per ramet’ for 1939, were still, up to 1940, slightly on the down- 
grade for total ramets, total stems per soil, maximum and minimum per ramet, and mean 
per ramet, with regular increase in variation between the ramets as shown by increase 
in the values of standard deviation from the mean. The importance of this result, which 
has became increasingly evident from the early years of the experiments, is linked with 
the two facts; (1) that the sand is, as shown by the chemical analyses, the poore,st of the 
soils in the usual plant foods, and (2) that all the other species of plants grown on the 
five soils behave relatively very differently and, mostly, a low, and often the lowest, 
place in tabulated scorings for various characters is occupied by the ramets growing on 
sand. The higher standard deviations shown on sand and calcareous .sand than on the 
other soils is due largely to the effects of shading of ramets near the centre of the beds 
by the denser growth of the more external ramets correlated with the fact that none of 
the ramets on the sands have died. 

Primary flowering. Maximum flowering on all soils was scored for 12. vii. 38, 4. vii. 39, 
and 23. vii. 40. 

Completion of primary floivering. The sequence (the first completed placed first) was: 
(25. vii. 38 and 24. vii. 39) calcareous sand, sand, chalky clay, clay, Potterne soil; 
(24. vii. 40) calcareous sand, clay, chalky clay, sand, Potterne soil. 
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Biotic factors. On 11. vi. 38 a black fly attack was noted on 7 ramets on sand and 
1 ramet on calcareous sand, but the attack was not severe. Slugs attacked basal leaves 
on clay only (5. ii. 39). On sand and calcareous sand ramets in the centre of the plots 
were tending to be smothered by growth of Brachythecium (5. ii. 39). 


First flowering 





1938 





1939 





1940 

A . , 




Sand 

Cal- 

careous 

sand 

Clay 

Pot- 

Chalky terno 
clay soil 

Sand 

('al- 

careous 

sand 

(Jay 

Pot- 

( Jialky terno 
clay soil 

( 

8and 

Cal- 

careous 

sand 

Claj 

Pot- 

( Chalky terne 
clay soil 

f) June 

— 

— 

— 

— 

— 

— 

. — 

— 

— 

— 

2 

2 

— 

■ — ■ 


7 

— 

— 

— 


— 

— 

— 

— 

— 

— 

7 

10 

— 

2 

3 

8 

— 

— 

— 

— 

— 

— 

— 

— 

— 

.... 

8 

20 

3 

7 

5 

9 

— 

— 

— 

— 

— 

— 

. — 

— 

...._ 

— 

18 

22 

8 

13 

7 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 


23 

24 

13 

17 

11 

11 

— 

— 

— 

— 

— 

— 

— 

— 

— . 

— 

25 

25 

15 

17 

15 

12 

— 

— 

— 

— 

— 

— 

— 



— 

26 

26 

17 

19 

19 

13 

— 

. — 

— 

— 

— 

— 

1 

— 

— 

— 

— 

— 

— 

— 

19 

14 

— 

— 

— 

— 

— 

1 

1 

— 


— 

— 

— 

— 

— 

20 

15 

— 

— 

— 

— 

— 

1 

1 

— 

1 

2 

— 

— 

— 

— 

21 

16 

— 

— 

— 


— 

1 

3 

— 

2 

2 

— 


— 


. — 

17 

— 

— 

— 

— 

— 

3 

5 

— 

3 

2 

— 

— 

— 

— 

— 

18 

— 


— 

— 

— 

4 

5 

. — 

4 

2 

— 

— 

— 

— 

— 

19 

— 
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4 

5 

1 

4 

5 

— 

— 


— 

— 

20 





— 





7 

9 

2 

4 

6 

— 

— 

. — 

— 

— 

21 

— 

1 

— 

— 

......... 

7 

10 

3 

6 

9 

— 

— 

— 

— 

— 

22 

— 

2 

— 



10 

14 

3 

7 

9 

— 

— 

— 

— 

— 

23 

— 

2 



— 

14 

18 

8 

14 

9 

— 

— 

— 

— 

— 

24 

— 

4 

— 

— 

— 

15 

20 

11 

15 

11 

— 

— 


— 

— 

25 

— 

5 


2 

1 

18 

24 

13 

16 

12 

— 

— 

— 

— 

— 

26 

1 

13 

— 

3 

1 

22 

25 

15 

16 

15 

— 

....... 

— 

— 

— 

27 

8 

21 

— 

4 

5 

25 

26 

18 

19 

17 

— 

— 

— 

— 

— 

28 

14 

23 

3 

7 

8 

26 


— 

20 

18 

— 

— 

' — 

— 

— 

29 

18 

24 

5 

14 

9 

— 

— 


— 

19 

— 


— 

„... 

— 

30 

22 

24 

6 

14 

9 

___ 

— 

— 

— 

20 

— 

— 

— 

— 

— 

1 July 

25 

25 

11 

15 

11 

— 

— 

— 

— 

22 

— 

..... 


— 

— 

2 

25 

26 

15 

16 

12 

— 

— 

....... 

— 

22 

— 

— 

— 


— 

3 

25 

— 

15 

18 

14 

— 

— 

— 

— 

22 

— 

— 

— 

— 

— 

4 

25 


16 

18 

16 

— 

— 


— 

23 

— 




— 

5 

25 

— 

17 

18 

17 

— 

— 

— 

— 

— 

— 

— 

— 

. — 

— 

6 

25 

— 

18 

19 

19 

— 

— 


— 

— 

■ — 

— 

— 

— 

...... 

7 

25 

— 

— 

— 

19 

— 

— 

— 

■ — 

— 

— 

— 

— 

— 

— 

8 

26 


— 

— 

21 

— 


— • 

— 

— - 

— 

— 

— 

— 

— 

9 

— 

— 



22 

— 

— ■ 

— 

— 

— 

— 

— 

— 

— 

— 


Silene maritima \j.—mirrow-leaved variety 

Experiments were continued for one more year (1938) with this species. 

Deaths. Nos. 6, 11, 13 died during the spring of 1938 and Nos. 10, 17, 18, 20, 23, 25, 
and 25 A died during the summer of 1938. Thus on sand the only ramets remaining alive 
after three years were Nos. 21, 22, and 24. On all the other soils all ramets (26 per plot) 
survived till the end of the experiment with this species. Death of ramets on the sand 
was due to root-rot. 

Habit and foliage. There was no change in general habit or gross morphological characters 
on any of the soils, except that the leaves were slightly smaller on sand. By February, 
on all plots about equally, the old leaves had died and fallen off but the shoot tips were 
alive and showed some development of small young leaves. By April, some of the branches 
had been killed back, especially on chalky clay and then, in order, on Potterne soil, clay, 
sand, and calcareous sand. There was some new growth, with flower buds, from the centre 
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of the ramets; most occurred on calcareous sand, then, in order, on sand, Potterne soil, 
chalky clay, and clay. 

General tone. Throughout the year, with very slight fluctuations, the sequence (best 
first) was : chalky clay, clay, Potterne soil, calcareous sand, sand. 

First flowering (1938) 


29 April 

Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne 

2 - 

30 

— 

— 

— 

— 

2 

1 May 

— 

— 

— 

— 

2 

2 

1 

— 

— 

— 

2 

3 

1 

— 

— 

— 

3 

4 

1. 

— 

— 

— 

3 

5 

1 

— 

— 

— 

3 

6 

1 

— 

— 

— 

3 

7 

2 

1 

— 

— 

3 

8 

2 

1 

— 

— 

3 

9 

2 

1 

— 

— 

3 

10 

3 

1 

— 

— 

3 

11 

4 

2 

— 

— 

4 

12 

4 

2 

— 

— 

4 

13 

4 

3 

— 

1 

4 

14 

4 

4 

— 

1 

4 

15 

4 

5 

— 

1 

5 

16 

5 

7 

— 

1 

5 

17 

5 

7 

— 

2 

5 

18 

5 

8 

— 

2 

6 

19 

5 

11 

— 

2 

6 

20 

5 

11 

— 

4 

7 

21 

5 

12 

2 

4 

7 

^2 

5 

12 

2 

5 

7 

23 

6 

17 

6 

10 

9 

24 

6 

17 

7 

12 

12 

25 

7 

19 

9 

18 

12 

26 

7 

20 

12 

20 

12 

27 

7 

21 

13 

22 

15 

28 

7 

21 

14 

22 

15 

29 

7 

21 

15 

23 

19 

30 

7 

23 

15 

24 

19 

31 

7 

23 

17 

24 

19 

1 June 

7 

23 

19 

24 

20 

2 

7 

23 

20 

24 

20 

3 

7 

24 

22 

26 

22 

4 

7 

24 

22 

— 

22 

5 

7 

24 

24 

— 

24 

6 

8 

25 

24 

— 

24 

7 


25 

26 

— 

25 

8 

— 

25 

— 

— 

25 

13 

— , 

25 

— 

— 

26 

14 

— 

26 

— 

— 

— 


Late flowering. On 20. x. 38 there were three ramets on calcareous sand and three on 
chalky clay with late flowers at full anthesis. No ramets on other soils then had flowers. 
Seedlings 



13. ii. 38 

24. iv. 38 

12. viii. 38 

20 X. 38 

Sand 

Very few 

Numerous 

Pew 

Few 

Calcareous sand 

None 

Very few 

Few 

None 

Clay 

None 

None 

None 

None 

Chalky clay 

None 

None 

None 

None 

Pottteme soil 

None 

None 

None 

None 


A factor affecting the production of seeds was that the clone was essentially female, 
though extremely rarely a very few stamens were produced with pollen. For first flowers, 
two ramets on chalky clay and one on Potterne soil had ‘hermaphrodite’ flowers with 
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two to five stamens. Numerous and very diverse stocks of both Silene maritima and 
S. vulgaris were flowering in the Experimental Ground in 1938 within easy range of 
insect flight to the Transplant Beds. That out-breeding played a most important part 
in the production of the seedlings recorded is confirmed by an analysis of young seedlings. 
Scoring the first foliage leaves into three groups, narrow, intermediate, and broad, the 
following figures were obtained : 

17. X. 39 Narrow 35 Intermediate 58 Broad 19 

17. X. 40 Narrow 3 Intermediate 3 Broad 3 

The narrow ’-leaved seedlings may or may not have been the results of selfings within 
the clone, the remainder were certainly not. The seedlings also showed a wide range of 
anthocyanin development (from very much to none). This, again, was due to mixed 
out-breeding. 

A factor detrimental to the germination of seeds and establishment of seedlings was 
the dense growth of prostrate branches and foliage (‘top hamper’). This was particularly 
obvious on the clays and Potterne soil during most of the year, though seedlings appeared 
on these plots after they had been cleared. 

Root structure (5. xi. 38). Sand. Three to six main roots going down rather straight 
into the soil and branching profusely. These originate immediately below the crown. 
Hemicryptophytic shooting only just commencing. Superficial colour of washed roots: 
Clay Color (Ridgway, Color Standards, PI. XXIX). 

Calcareous sand. Five to six main roots s]:)reading obliquely into the soil and branching 
profusely. These originate immediately below the crowui and at 2-5 cm. depth below^ the 
soil surface the root branches are coiled about one another. Hemicryptophytic shooting 
slightly more advanced than on sand. Superficial colour of washed roots: Antimony 
Yellow (Ridgway, Color Standards, PI. XX). 

Clay. Five to ten main roots spreading horizontally or slightly obliquely into the soil 
and branching profusely. These originate immediately below the crown and there is some 
coiling at 2 cm. below ground level. Hemicryptophytic shooting more advanced than in 
calcareous sand. Superficial colour of washed roots: Honey Yellow (Ridgway, Color 
Standards, PI. XXX). 

Chalky clay. Seven to eleven main roots spreading down obliquely, at a more acute angle 
with the soil surface than in calcareous sand but less so than in clay, and branching 
profusely. These originate immediately below the crown. There is some coiling 1-5 cm. 
below the soil level. Hemicryptophytic shooting is the most advanced of that on all 
soils. Superficial colour of washed roots: Honey Yellow (Ridgwav, Color Standards, 
PL XXX). 

Potterne soil. Six to nine main roots spreading obliquely into the soil and branching 
profusely. These originate 3-4 cm. below the surface of the soil. There is some coiling 
at 5 to 6 cm. depth. Hemicryptophytic shooting only just commencing but is slightly 
more advanced than on sand. Superficial colour of washed roots : Honey Yellow (Ridgw ay , 
Color Standards, PI. XXX). 

Plantago major L. — large variety 

Deaths, In 1938, on sand, No. 10 died. No more deaths occurred in 1939. In the summer 
of 1940 the following deaths occurred: on sand, Nos. 1, 2, 3, 5, 6, 8, 9, 12, 13; on calcareous 
sandj Nos. 31, 37; on clay, Nos. 56, 58, 60, 62. 

J. Ecol. 33 


5 
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General tone (best first) 


11. iv. 38 and 
12. vii. 38 

Potterne soil 
Clay 

Chalky cjlay 
Calcareous sand 
Sand 


17. X. 38 

Chalky clay 
Clay 

Potterne soil 
Calcareous sand 
Sand 


10. iv. 39 

Chalky clay 
Potterne soil 
Clay 

Calcareous sand 
Sand 


23. X. 39, 9. V. 40, 

9. viii. 39 17. vii. 40 and 15. ix. 40 


Chalky clay 
Clay 

Potterne soil 
Calc4ireous sand 
Sand 


Chalky clay 
Ppttonie soil 
Clay 

Calcareous sand 
Sand 


Mildew. This was pronounced on many plants on Potterne soil in 1938. In 1939 and 
1940 the plots remained clear of mildew but Ramularia plantaginea attacked the leaves 
in both years, especially on the clays and Potterne soiL 


Indumenttim and foliaceous bracts. 

These remained essentially as 

in the last scorings 

Seedlings 

13. ii. 38 

11. viii. 38 

17. X. 38 

10. iv. 39 

8and 

Very few 

Very few 

None 

None 

Calcareous sand 

None 

Niimorous 

N umerous 

None 

Clay 

None 

Numerous 

None 

None 

Chalky clay 

Very few 

Very numerous 

Numerous 

None 

Potterne soil 

None 

Very numerous 

None 

None 


20. V. 39 

9. viii. 39 

16. X. 39 

19. iii. 40 

Sand 

Numerous 

Very numerous 

None 

None 

Calcareous sand 

Numerous 

Very numerous 

Numerous 

None 

Clay 

None 

Very few 

None 

None 

Chalky clay 

Numerous 

Numerous 

Few 

None 

Potterne Hoil 

Numerous 

Very few 

Very few 

None 

Sand 

17. iv. 40 

Few 

15. ix. 40 

Numerous 

17. xi. 40 

None 


Calcareous sand 

Very few 

Very numerous 

None 


(day 

Very few 

None 

V^ery few 


Cdialky clay 

None 

Numerous 

None 


Potterne soil 

Very numerous 

Numerous 

None 



Germination. Seed was collected from no. 51 (on clay) after open pollination and sown 
in pots of the five soils on 25. iv. 38. Germination was first on Potterne soil, then, in 
order, on sand, calcareous sand, clay, chalky clay. Best final germination was on Potterne 
soil, then, in order, on clay, sand, calcareous sand, chalky clay. The largest seedlings 
developed on Potterne soil, then, in order, on clay, calcareous sand, sand, chalky clay. 

Infructescences. Observations made in the winter of 1939- 40 suggest that frost increases 
the number of capsules dehiscing in winter. 

Commencement of winter rest period. The sequence (earliest ‘dormant’ first) was, for 
1939, sand, calcareous sand, chalky clay, clay, Potterne soil, and, for 1940, sand, clay, 
Potterne soil, calcareous sand, chalky clay. 

Commencement of spring growth. The sequence (earliest first), recorded on 3. iv. 38 and 
11. iii. 40 was Potterne soil, clay, chalky clay, calcareous sand, sand. 

Retention of depth. None of the plants showed heaving up (‘ lifting’) after frost or other 
weather changes on any of the soils. Stones and soils became heaped up around the 
ramets especially on calcareous sand. 

Habit. Full records have been kept of the behaviour of individual ramets throughout 
the three years. A good deal of fluctuation has been noted but the general tendency has 
been for ramets on sand to develop a flat or semi-strict habit, those on calcareous sand 
a semi-strict to strict habit, and those on the clays and Potterne soil a strict habit. 
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Marsden -Jones and 
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Turrile 

6' 

Diameters of ramets, in 

cm. 





11. viii. 38 

Sand 

Calcareous saml 

Clay 

Chalky clay 

Potterne soil 

Max. diameter 

46 

46 

93 

88 

94 

Min. diamettir 

14 

26 

45 

26 

42 

Moan diameter 

32-2 

33-9 

72-3 

63*9 

64-8 

23. viii. 39 






Max. diameter 

32 

45 

113 

98 

84 

Min. diameter 

10 

24 

46 

31 

37 

Mean diameter 

18-2 

36-3 

77-9 

71-4 

63-9 

5. viii. 4() 






Max. diameter 

30 

55 

77 

m 

80 

Min. diameter 

10 

18 

17 

31 

33 

Mean diameter 

260 

31*9 

52-3 

60-8 

63-2 

Height of vegetative part 

s, in cm 

. 




11. viii. 38 

Sand 

Calean^ou.s sand 

Clay 

Chalky clay 

Potterne soil 

Max. height 

20 

18 

48 

39 

45 

Min. height 

6 

(> 

16 

17 

22 

Mean heigiit 

L2-9 

10 0 

321 

28-4 

28-6 

23. viii. 39 






Max. height 

9 

17 

49 

51 

42 

Min. height 

4 

f> 

15 

12 

19 

Mean iieight 

5-3 

13* 1 

35-2 

35-9 

27-2 

5. viii. 40 






Max. heigiit 

11 

19 

39 

38 

27 

Min. height 

4 

5 

9 

8 

6 

Mean lieight 

8*0 

9-3 

24-7 

29*3 

20-9 

Number of croivns {rosettes) per 

ramet 




3. iv. 38 

Sand 

Calcareous sand 

Clay 

Chalky cla\ 

PottCTIlO soil 

Number of rainets 

13 

13 

14 

14 

14 

Maximum 

10 

6 

14 

22 

27 

Minimum 

1 

1 

3 

7 

4 

M<?an 

.">•2 

4-5 

8-rx 

14-7 

M 

Total per Hoil 

68 

58 

119 

206 

159 

13. iii. 39 






Number of ramets 

12 

13 

14 

14 

14 

Maximum 

12 

(> 

15 

19 

25 

Minimum 

1 

1 

2 

6 

4 

Mean 

4-9 

4 5 

7-9 

14 7 

10 3 

Total per s(jil 

59 

59 

111 

206 

144 

17. iv. 40 






Number of ramets 

3 

12 

14 

14 

14 

Maximum 

7 

7 

12 

24 

34 

Minimum 

3 

1 

1 

6 

3 

Mean 

5-3 

4-6 

6-6 

15*3 

128 

Total per soil 

16 

56 

93 

214 

179 

Number of flowering spikes per 

ramet 




1938 

Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne .soil 

Number of ramets 

12 

13 

14 

14 

14 

Maximum 

35 

40 

108 

111 

103 

Minimum 

0 

8 

41 

14 

22 

Mean 

14-9 

20-5 

640 

75*7 

48-8 

Standard deviation 

12-4 

10*5 

18-8 

26-5 

17*4 

Total per soil 

179 

267 

896 

1060 

683 
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1939 

Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

Number of ramets 

9 

13 

14 

14 

14 

Maximum 

6 

25 

100 

101 

86 

Minimum 

0 

5 

27 

13 

13 

Mean 

2-2 

15-8 

640 

61-7 

44-3 

Standard deviation 

3-2 

71 

20-8 

26- 1 

154 

Total per soil 

20 

205 

896 

864 

620 

1940 






Number of ramets 

3 

12 

12 

14 

14 

Maximum 

27 

35 

114 

106 

82 

Minimum 

10 

8 

7 

21 

8 

Mean 

19-3 

16-9 

61-4 

65-6 

48-6 

Standard deviation 

8-6 

90 

35-6 

24-9 

194 

Total per soil 

58 

203 

737 

919 

680 

Height of flowering stems per ramet, in cm. 




1938 

Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

Number of ramets 

10 

13 

14 

14 

14 

Maximum 

44 

45 

82 

70 

64 

Minimum 

20 

25 

44 

33 

36 

Mean 

33-4 

33-5 

63-2 

55*4 

471 

Standard deviation 

6*3 

6-7 

10-7 

9*7 

9*3 

1939 






Number of ramets 

5 

13 

14 

14 

14 

Maximum 

25 

41 

76 

72 

61 

Minimum 

15 

14 

32 

23 

35 

Mean 

17*6 

31-2 

61-4 

584 

50- 1 

Standard deviation 

4-2 

7*3 

12-5 

120 

61 

1940 






Number of ramets 

3 

12 

12 

14 

14 

Maximum 

28 

44 

54 

64 

52 

Minimum 

16 

15 

10 

19 

5 

Mean 

23-3 

27-5 

36-5 

51-5 

38-9 

Standard deviation 

6-4 

9-5 

140 

13-5 

12*5 


1938 1939 1940 



careous Chalky tofne careous 

Sand sand Clay clay soil Sand sand C 


15 June — 

16 — 

17 — 

18 — 

19 — 

20 — 

21 ~ 

22 — 

23 — 

24 — 


26 — _ — 1 

27 — — _ 1 

28 _ ™ — 1 

29 — — — 2 

30 _ 3 


Pot- ' Cal- Pol- 

Chalky tome careous (.^halky terne 

clay soil Sand sand Clay clay soil 

— — — - 6 1 — , 

_______ 7 3 — 

_ — ^ __ 8 3 — 

_ 9 3 — 

________ 9 3 _ 

______ __ __ 11 5 — 

_____ 12 6 — 

1 __ 7 - 

1 — _ ^ 2 — 11 — 
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1938 1939 1940 

, * ^ » , , , , 



Sand 

Cal- 

careous 

sand 

Clay 

Pot- 

Chalky terne 
clay soil 

Sand 

Cal- 

careous 

sand 

Clay 

Pot- 

Chalky terne 
clay soil 

Sand 

Cal- 

careous 

sand 

Clay 

Pot- 

Chalky terne 
clay soil 

9 July 

— 

— 

2 

9 

— 

— 

1 

8 

5 

— 

1 

7 

— 

— 

9 

10 


— 

2 

9 


— 

1 

8 

7 

— 

2 

8 

— 


11 

11 

— 

— 

3 

9 

— 

— 

3 

8 

8 

— 

2 

8 

— 

— 

11 

12 

2 

3 

3 

11 

— 

— 

3 

8 

8 

— 

2 

8 

— 

— 

12 

13 

2 

4 

4 

11 


— . 

3 

8 

8 

1 

2 

8 

— 

— 

13 

14 

3 

4 

6 

11 

1 

— 

5 

11 

9 

4 

3 

8 

— 

— . 

13 

15 

3 

4 

6 

11 

1 

— 

5 

12 

9 

7 

— 

8 


— 

13 

16 

3 

4 

6 

11 

1 

— 

6- 

12 

10 

9 

— 

9 

— 

— 

13 

17 

3 

7 

6 

11 

1 

— 

8 

13 

11 

12 

— 

9 

— 

— 

13 

18 

4 

8 

8 

12 

1 

— 

8 

14 

11 

13 

— 

10 

— 

— 

13 

J9 

6 

10 

13 

13 

3 

— 

8 

— 

12 

14 

— 

10 

— 

— 

14 

20 

6 

10 

14 

14 

3 

— 

12 

— 

13 

— 

— 

11 

— 

— 

— 

21 

6 

12 

— 

— 

4 

— 

12 

— 

13 

— 

— 

11 

— 

— 

— 

22 

8 

13 


— 

4 

1 

13 

— . 

13 


— 

11 

— 

— 

— 

23 

8 

— 

— 

— 

6 

] 

— 

— 

13 

— 

— 

12 

— 

— 

— 

24 

8 

— 

— ^ 

— 

7 

1 

— 

— 

13 

— 

— 

— 

— 

— 

— 

25 

8 

— 

— 

— 

11 

1 

— 

— 

13 

— 

— . 

— 


— 

— 

26 

8 

— 

— 


11 

1 


— 

13 

— 

— 

— 

— 

— 


27 

8 

— 


— 

11 

1 

— 


14 


— 

— 


— 

— 

28 

9 

— 

— 


11 

2 

— 

— 


— 

— 

— 

— 

— 

— 

29 

9 


— 

— 

12 

2 

— 

— 


— 

— 


— 

— 

— 

30 

9 

— 


— 

12 

2 

— 

— 

— 

— 


— 


— 


31 

9 

— 

— 

, — 

12 

2 

— 

— 

— 

— 

— 


— 

— 

— 

1 Aug, 

9 

9 

__ 

— 

— 

13 

2 

— 

— 

— 

— 

— 

— 

— 

— - 

— 


— 

— 

— 

14 

3 

— 

— 

— 

— 

— 

— 

— 

— 

— 

3 

10 

— 

— 

— 

— 

3 

— 

— 

— 

— 

— 

— 

— 

— 

— 

4 

— 


— 

— 

— 

5 

— . 

. — 

— 

— 

— 

— 

— 


— 


Phleum pratense L. 

Deaths. No further deaths have occurred on any of the soils. 

General tone and habit. The sequence (best first) throughout the three years has been 
Potterne soil, clay, chalky clay, sand, calcareous sand. The differenc^e between the last 
two was very niarked. Compactness has been constant in exactly the reverse order. 
Cloning was most marked on the sands. Hummocking was most marked on Potterne 
soil and the sands. 


Maximum height of flowering stems per raniet, in cm. 


1938 

Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

Number of ramets 

26 

26 

25 

25 

26 

Maximum 

98 

90 

105 

105 

120 

Minimum 

68 

60 

68 

75 

98 

Mean 

84-5 

77-5 

96-3 

87-9 

112-0 

Standard deviation 

7-9 

90 

101 

10-0 

7-4 

1939 

Number of ramets 

26 

26 

25 

25 

26 

Maximum 

105 

90 

135 

128 

135 

Minimum 

90 

68 

90 

113 

113 

Moan 

94-8 

810 

116-8 

116-1 

128-3 

Standard deviation 

5-7 

71 

10-4 

6-5 

7-0 

1940 

Number of ramets 

26 

26 

25 

25 

26 

Maximilm 

106 

97 

134 

135 

145 

Minimum 

74 

68 

95 

102 

117 

Mean 

90-8 

79-8 

119-2 

117-1 

126-6 

Standard deviation 

9-4 

8-4 

9-7 

8-5 

5-9 
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Number of flowering stems per ramet 


1938 


Sand 

(valeareous sand Clay 

(Chalky clay 

Potterne soil 

Number of ramets 

26 

20 

25 

25 

26 

Maximum 


52 

11 

104 

48 

117 

Minimum 


11 

1 

16 

13 

34 

Mean 


24-7 

4-2 

40-8 

27-0 

80-7 

Standard deviation 

11-3 

2-2 

18-4 

14-0 

24-3 

Total j)er soil 


640 

109 

1019 

075 

2098 

1939 







Number of ramets 

26 

26 

25 

25 

26 

Maximum 


79 

20 

104 

83 

1.50 

Minimum 


21 

4 

27 

27 

35 

Mean 


381 

10-0 

49-3 

50-8 

90-1 

Standard deviation 

14-9 

41 

17-0 

16-4 

31-1 

Total per soil 


990 

260 

1232 

1269 

2343 

1940 







Number of ramets 

26 

26 

25' 

24 

2(i 

Maximum 


93 

32 

122 

114 

204 

Minimum 


16 

5 

27 

31 

54 

Mean 


4.5-5 

13-8 

61-6 

59-4 

117-8 

S tand a rd dev i a t i on 

18-3 

6-1 

23 2 

20-7 

51-6 

Total per soil 

1182 

360 

1.541 

1426 

3064 

Seedlings 








13. ii. 38 


24. iv. 38 

27. X. 38 

5. ii. 39 

10. iv. 39 

Sand 

None 


Very numerous 

N umerous 

Numerous 

Numerous 

( -alearoous sand 

None 


Numerous 

Numerous 

Numerous 

Ftuv 

(May 

None 


Nurnerfms 

Numerous 

F(‘w 

Few 

(Mialky clay ^ 

None 


Very numerous 

Numerous 

Few’ 

VM^’y few 

Ootterne soil 

N one 


V^ery numerous 

Few^ 

Few 

Numerous 


10. X. 39 


19. iii. 40 

16. ix. 40 

17. xi. 40 


Sand 

Very f(^w 


\'ery few 

Very few’ 

Few’ 


( 'aleareous sand 

V^ery few 


Numerous 

Very ftnv 

Very fc^w’ 


(May 



\^ery lew 

' Very few’ 

Very numerous 


(Mialky el ay 

V^ery few 


\"ery few' 

Vei'y few 

Numerous 


lV)ttei’ne soil 

Few 


Very few 

Very fV^w' 

Numerous 



First ff owe ring 

1938 1939 1940 




Cal- 



Pot- 


(yal- 



Pot- 


( 'al - 



l\)t- 



careous 


Chalky 

terne 


careous 

. 

Chalky terne 


c‘ar(;ous 


Chalky 

t(*rne 


Sand 

sand 

(May 

elay 

soil 

Sand 

sand 

Clay 

clay 

soil 

Sand 

sand 

(May 

clay 

soil 

22 June 

— 



— 

— 

— 

— 


— 

— 

20 

9 

17 

22 

5 

23 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

9 

17 

22 

5 

24 

— 


— 

— 

— 

— 

— 

— 



— 

— 

9 

17 

22 

5 

25 

— 

— 

— 

— 

— 

— 

— 

— 

— 


— 

24 

25 

25 

25 

26' 

— 


— 

— 

— 

■ — 

— 

— 

■ 

— 

— 

24 

— 


25 

27 

— 

— 

— 

— 

— 

— 

— 

— 

— 

- — 


24 

— 

— 

25 

28 

— 


— - 

— 



— 

— 


— 

— 

24 


— 

25 

29 

— 

— 

— 

-- 

— 

— 


— 

— 

-- 

— 

26 

— 


26 

30 

— 

— 

— 

— 

— 

— 

— . 

5 

1 

— 


— 

— 

■ — 

...... 

1 July 

— 

— - 

— 

— 


— 

— 

5 

1 

. — 

— . 


— 





2 

, — 

— 

— 

— 

— 

16 

4 

10 

13 


— , 

— 

— 





3 

— 


— 

— 

— 

16 

4 

11 

13 

— 











4 

— 

— 

— 

■ — 

— 

26 

20 

24 

25 

18 











5 

— 

— 

— 

— 

— 

— 

25 

25 

— 

26 

— 



— 

— 



6 

— 

— 

— 

• — 

— 

— 

25 

— 

— 










- , 

7 

■ 2 

8 

4 

3 

— 

— 

25 


— 

— 











8' 

26 

22 

21 

25 

7 

— 

25 

— 

— • 













9 


22 

21 

— 

8 

— 

25 

— 

— 

— 











10 

— ' 

22 

21 

— 

8 

— 

26 

— 

— 











11 

— 

22 

25 

— 

25 

— 

— 

— 

— 













12 

— 

26 


— 

26 

— 

— 

— 

— 

— 
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Maximum Jlorifery on all soils occurred on 14. vii. 38, 10. vii. 39, and 1. vii. 40. The 
florets open in the evening about 8 p.m. (double summer time). 

Spring growth. Old leaves die in late autumn and new growth commences in February. 
Most early growth is shown on Potterne soil, then, in sequence, on chalky clay, clay, 
sand, calcareous sand. 


Phleum nodosum L. 


Deaths, No deaths have occurred on any of the plots. 

General tone and habit. The sequence for tone (best first) has been maintained as Potterne 
soil, clays, sands, with some fluctuations between sand and calcareous sand and between 
clay and chalky clay respectively. All plants on all plots showed hummocky growth which 
was firmest on the sands. Early spring growth was evident on all plots by February and 
the final order, scored on 11. iii. 40, was (most first): Potterne soil, clays, and sands. 

Seedlings. The clone remained self-sterile and no seedlings appeared. 

Maximum height of jUnvering stems per ramet, in cm. 


1939 

.Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

Number of ramets 

20 

20 

26 

20 

26 

Maximum 

40 

41 

02 

56 

70 

Minimum 

13 

19 

40 

27 

43 

Mean 

30-8 

27-7 

52*3 

41-4 

58-4 

Standard deviation 

0«2 

60 

5-7 

8-3 

6-8 

1940 

Number of ramets 

21 

22 

20 

20 

26 

Maximum 

39 

40 

57 

62 

04 

Minimum 

0 

0 

30 

39 

38 

Mean 

330 

29-5 

40-6 

53-7 

50-4 

.Standard deviation 

■8-4 

90 

5-7 

5-4 

7-4 


Numher of flower stems per ramet 

1938 Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

Number of ramets 

20 

26 

20 

20 

26 

Maximum 

15 

5 

57 

17 

144 

Minimum 

1 

0 

4 

1 

10 

Mean 

5-8 

11 

20-4 

9-2 

42-2 

Standard deviation 

3-5 

14 

9-9 

51 

29-4 

Total per soil 

151 

28 

087 

238 

1098 

1939 

Number of ramets 

26 

20 

20 

26 

26 

Maximum 

73 

49 

234 

132 

494 

Minimum 

2 

7 

58 

33 

72-2 

86 

Mean 

42-7 

19-8 

1250 

270-6 

Standard deviation 

17-6 

100 

40- 1 

25- 1 

114-7 

Total per soil 

1109 

515 

3249 

1876 

6936 

1940 

Number of ramets 

26 

26 

26 

26 

26 

Maximum 

11 

25 

109 

150 

110 

Minimum 

0 

0 

22 

25 

740 

37 

Mean 

3-6 

6-9 

57-3 

66-8 

Standard deviation 

2-8 

6-5 

242 

26'6 

25-5 

Total per soil 

94 

179 

1319 

1923 

1738 



First flowering 


1938 1939 1940 

A ^ , A 



Sand 

Cal- 

careous 

sand 

Clay 

I'ot- 

Chalky terne 
clay soil 

Sand 

Cal- 

careous 

sand 

Clay 

Pot- 

Chalky terne 
clay soil 

Sand 

Cal- 

careous 

sand 

Clay 

Pot- 

Chalky terne 
clay soil 

7 July 


— 

— 

— . 

— 

— 

— 

— 

— 


— 

— 

2 

1 

— 

9 

— 

— 

— 

■ — ■ 

— 

— 

— 


— 

— 

— 

— 

4 

1 

— 

14 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

■ — 

— 

15 

8 

5 

15 











— 





— 

— 

— 

— 

16 

8 

6 

17 











— . 

— 

— 

— 

— 

— 

1 

20 

11 

7 

18 























1 

21 

11 

7 

19 

















— 



— 

1 

22 

12 

n 

20 

— 

— 







— 

— . 

— 

— 

— 

— 

1 

23 

19 

7 

21 

— 

— 

— 

— 


— 

— 



— 

■. 

— 

2 

23 

20 

7 

22 

— 

— 

— 

— 

— 

— 

— 

3 

1 

— 

— 

2 

23 

21 

7 

23 

— r- 

— 

— 

— 

— 

— 


4 

1 

— 

— 

4 

25 

24 

13 

24 

— 

— 

_ 

— 

— 

— 

— 

12 

1 

3 

— 

4 

26 

25 

13 

25 

— 

. — . 

. — 

— 


— 


12 

1 

3 

— 

5 

— 

25 

13 

26 

— 


1 

— 

— 

— 

— 

17 

5 

7 


5 

— 

25 

13 

27 

— 

— 

3 


— 

— 

— 

19 

6 

11 

2 

7 

— 

25 

18 

28 

— 

— 

4 

— . 

— 

— 

— 

19 

6 

12 

2 

7 

— 

25 

18 

29 

— 

— 

7 

— 

— 

. — 

— 

22 

8 

12 

3 

9 


26 

21 

30 

— 

— 

7 

— 

— 

— 

— 

22 

8 

12 

3 

9 

— 

— 

21 

31 

— 

— 

10 


— 

. — 

— 

23 

11 

13 

3 

9 

— 

— 

21 

1 Au^. 

— 

— 

12 

— 

9 

— 

— 

25 

12 

14 

4 

9 

— 


26 

2 

— 

— 

15 

— 

11 

— 

— 

25 

14 

21 

5 

9 

— 

— 

— 

3 

— 


19 

— 

13 

— 

— 

25 

19 

21 

6 

10 

— 

— 

— 

4 

— 

— 

19 

1 

13 

1 

— 

25 

19 

21 

8 

12 

— 


— 

5 

— 

— 

19 

2 

14 

1 

— 

25 

19 

21 

8 

14 

— 

— 

— 

6 

2 

2 

20 

5 

16 

11 

3 

26 

25 

26 

9 

15 


— 

— 

7 

4 

3 

20 

8 

18 

12 

6 


26 

— 

9 

15 

— 

— 

— 

8 

8 
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20 

10 

20 

13 

6 

— 

— 

— 

9 

15 


— 

— 

9 

8 

3 

20 

10 

20 

13 

6 

— 

— 

— 

10 

18 

— 

— 

— 

10 

8 

3 

20 

10 

20 

13 

6 

— 

— 


11 

19 

— 

— 

— 

11 

8 

3 

20 

10 

20 

13 

6 

— 

— 

— 

11 

19 

— 

— 

— 

12 

12 

4 

21 

16 

26 

20 

17 


— 

— 

11 

19 

— 

— 

— 

13 

— 

4 

23 

16 

— 

20 

17 

. — 

— 

— 

11 

21 

— 

— 

— 

14 

— 

4 

23 

16 

— , 

20 

17 

— 

— 

— 

11 

— 

— 
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15 

— 

4 

24 

16 

— 

22 

20 

— 

— 

— 

12 

— 

— 

— 

— 

16 

— 

6 

— 
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— 

22 
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— 
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— 

— 

— 

— 

— 

24 

20 

— 

— 

— 
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— 
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— 
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24 
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— 

23 

— 

— 
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— 
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— 
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— 
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— 


25 

— 
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— ■ 

— 
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— 

— 


— - 

— 

19 

— 

— 
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Maximuni fiorifery. In 1938, florifery was so irregular that it was not possible to say 
when there was a maximum. In 1939, maximum florifery was on 12. viii. 39, and in 
1940, on sands on 9. viii. 40 and on clays and Potterne soil on 1. viii. 40. 


Fragaria vesca L. 

This account deals only with the continuation of the redistribution experiments. 
Deaths occurred as follows: 1938, Nos. 17, 49, 53, 57, 93, 141; 1939, Nos. 65, 77, 98; 
1940, Nos. 12, 24, 51, 54, 61, 65, 144, 145. 


Seedlings 

13. ii. 38 

, 24. iv. 38 

12. viii. 38 

10. iv. 39 

9. viii. 39 

Sand 

Very numerous 

Very numerous 

Numerous 

Few 

Very low 

Calcareous sand 

Few 

Very numerous 

Very few 

Numerous 

None 

Clay 

Numerous 

Very few 

Few 

Very few 

Very few 

Chalky clay 

Numerous 

Very few 

None 

Very few 

Very few 

Potterne soil 

Very numerous 

Numerous 

None 

Numerous 

Numerous 

Sand 

16. X. 39 

None 

19. hi. 40 

None 

17. iv. 40 

Very few 

26. ix. 40 

None 


Calwireous sand 

None 

None 

Very few 

Very few 


Clay 

None 

None , « 

Very few 

None 


Chalky clay 

None 

None 

Very numerous 

Very few 


Potterne soil 

Very few 

None 

Very numerous 

Veryfi 
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Cloning of whole plant. The general tone was scored (best first) as follows: 


ll.iv' 38 

12. viii. 38 

10. 

iv. 39 

9. viii. 39 

9. V. 40 

15. ix. 40 

Calcareous sand 

, Potterne soil 

Chalky clay, 

Potterne soil 

Potterne soil 

Chalky clay 

Chalky clay 

Chalky 

clay 

Olay 


Chalky clay 

Chalky clay 

Clay 

Potterne soil 

Calcareous sand 

Potterne soil 

Clay 

Clay 

Potterne soil 

Clay 

Clay 


(Calcareous sand 

(Jalcareous sand 

Calcareous sand 

Calcareous sand 

Sand 

Band 


Sand 


Band 

Band 

Sand 



Sand 

( 

alcareous sand Clay 

Chalky clay 

Potterne soil 

Runners : 

1938 

4 


30 

48 

41 

34 


1939 

3 


26 

18 

58 

41 


1940 

0 


10 

38 

21 

32 

Stem heights 

1938 

10 


15 

13 

17 

11 

in cm. 

19:i9 

0 


9 

14 

18 

16 

(fruiting) : 

1940 

8*5 


7 

13 

20 

16 

First flowers: 

1938 

5, V. 


0. V. 

9. V. 

28. iv. 

5. V. 


1939 

11. V. 


10. V. 

8. V. 

4. V. 

10. V. 


1940 

14. V. 


7. V. 

7. V. 

5. V. 

5. v. 

First fruits: 

1938 

0. vii. 


None 

24. vi. 

27. vi. 

24. vi. 


1940 

15. vi. 


NoiU‘ 

14. vi. 

12. vi. 

11. vi. 


General tone, for ramets on every soil taken as one sample. The sequence (best first) for 
the three years was Potterne soil, clay, chalky clay, calcareous sand, sand, except for 
a slight fluctuation in the order of clay and chalky clay. 

General tone of groups. This was scored every year, but it is necessary here to give 
only the values for the final scoring on 15. ix. 40. As in the last report marks are awarded 
to 5 rarnets. These marks are relative only for the groups on the soil on which the ramets 
grew for about four and a half years. The value 5 is best tone, 4 not so good, and so on. 


ow on From ... 

Sand 

(Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

Sand 

5 

4 

2 

3 

1 

(/alcareous sand 

.3 

5 

o 

4 

1 

Clay 

4 

3 

' 1 

5 

2 

( Chalky clay 

3 

4 

1 

5 

2 

Potterne soil 

4 

2 

1 

5 

3 

Totals 

19 

18 

7 

22 

9 


The sequence of totals is the same as it was in 1936 to 1937, except that sand and 
calcareous sand have changed places. 

Runners. Total number of runners per transferred ramet (i.e. group of five new ramets), 
(a) for 1938, (h) for 1939, (c) for 1940: 


Now on From ... Band Calcareous sand Clay Chalky clay Potterne soil 


Sand 

Calcareous sand 

Olay 

Chalky clay 


(a) 114 

(b) 84 

(e) 04 

(a) 201 
{h) 290 

(c) 178 

(а) 191 

(б) 331 
(c) 296 

(a) 143 

(b) 223 

(G) 98 

(a) 136 

(b) 286 
(r) 174 


(a) 87 

(b) 80 

(r) 71 

(a) 2(Ki 
(ft) 281 
(r) 2:i8 

(a) 225 
(ft) 32:i 

(c) 244 

(а) 162 

(б) 262 

(c) 88 

(a) 142 
(ft) 267 
(r) 175 


(«) 125 
(ft) !»() 
(c) 32 

(а) 76 

(б) 146 
(c) 113 

(a) 51 

(ft) 91 
(r) 83 

(a) 104 
(ft) 191 
(c) 52 

(a) 136 
(ft) 145 
(r) 72 


(а) 181 

(ft) 117 
(r) 56 

(ft) 218 

(ft) 355 
(c) 218 

(ft) 263 

(б) 423 
(c) 311 

(a) 277 

(b) 334 

(c) 186 

(a) 324 

(b) 427 

(c) 240 


(a) 49 

(b) r>3 

(r) 38 

(a) 125 

(b) 182 
(r) 114 

(a) 130 

(b) 191 

(c) 121 

(a) 321 

(b) 322 

(c) 95 

(a) 143 

(b) 204 
(r) 208 


Potterne soil 
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Mean stem heights, in 

cm., for 

groups of five 

new ramets, (a) for 1938, 

(h) for 1939, 

(c) for 1940: 

Now on From ... 

Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

Sand 

(a) 13-5 

{a) 8*3 

(a) 15-4 

(ft) 17-6 

(ft) 10-6 


( 6 ) 13-2 

{b) 7-6 

(b) 13-2 

(b) 13-0 

(b) 1(H) 


(C) 11*() 

(c) 9-4 

(c) 10-5 

(c) 10-4 

(c) 8-3 

Calcareous sand 

(a) 20-2 

{a) !()•() 

(ft) 13-8 

(ft) 22-2 

(ft) 15-3 


{b) 23-0 

(b) 23-2 

(b) 14-4 

(b) 18-8 

( 6 ) 21-0 


(c) 17-8 

(r) 18-4 

(c) 15-6 

(c) 17-6 

(c) 17-5 

Clay 

(a) 24-8 

(a) 24*4 

(ft) 13-3 

(ft) 24-0 

(ft) IfvO 

(h) 23-8 

{b) 26-3 

(b) 12-3 

(b) 28-8 

(b) 20-6 


(c) 25-3 

(c) 16-7 

(r) 121 

(c) 25-1 

(c) 16-8 

Chalky f^ay 

(fl) 22-4 

(a) 17-2 

(ft) 20-4 

(ft) 21-2 

(ft) 22-0 

(h) 21-2 

ib) 17-2 

(b) 18-S 

(b) 26‘() 

(/>) 19-0 


{(') 20 -(; 

(c) 18-0 

(c) 19-3 

(r) 21-0 

(c) 20-3 

Potierno soil 

(a) 24-4 

(a) 18*8 

(ft) 15-0 

(ft) 27-4 

(ft) 21-3 


{b) 21-0 

(b) 16-8 

(b) 130 

( 6 ) 20-4 

(b) 15-4 


(c) 26-0 

(c) 19-0 

(c) 13-7 

(r) 25-3 

(r) 22-8 

Prmiary flowering and primary fruiting. The scheme below gives the mean fii\st flowering 

(late in May for the groups of five new ramets, (a) for ] 938, 

(b) for 1939, and (c) for 1940, 

and the mean first ripening of fruit for June, (d) for 1938, and (e) for 1940. The few minus 

values in (a) and (b) refer to dates in April calculating backwards from the last day of 

that month. 

Now on From ... 

Sand 

Calcareous sand 

Clay 

Chalky clay 

Potterne soil 

8 and 

(a) 7-0 

(a) 3-8 

(a) .^>-0 

(a) 5-8 

(ft) 8-6 


(b) 7-2 

(A) 8-2 

(A) 7-2 

(A) 8-0 

(b) 9-8 


(c) 8-8 

(c) 9-2 

(c) 9-5 

(c) S-.T 

(r) 9-8 


{d) 25-0 

(d) — 

(d) 24-7 

(d) 31’3 

(d) 34-5 


(e) LO-O 

(e) 14-0 

(e) 11-3 

(e) 12.3 

(c) 15-0 

Calcareous sand 

(a) - 2-2 

(a) -4-0 

(a) 00 

(a) 3-0 

(ft) -2-5 


(A) -2-2 

(A) -3-8 

(A) -l-O 

(A) 1-0 

(A) 0-3 


(c) 4-4 

(c) 4-6 

(r) 8-0 

(c) 4-4 

(c) 8-3 


(d) 22-2 

(d) 23 0 

(d) 26-2 

(d) 22-6 

(d) 30-3 


(e) 12-0 

(e) 13-0 

(e) 16-0 

(e) 13-6 

(e) 14-8 

Clay 

(n) -1-0 

(a) -10 

(fl) -1-3 

(a) 0-6 

(o.) 6-7 

(A) -0-:} 

(A) rrr> 

(A) 6-8 

(A) 3-8 

(A) 7-6 


(c) 4-8 

(c) 6-3 

(c) 28-0 

(c) 7-4 

(c) 6-0 


(d) 24-8 

(d) 23 () 

(d) 28-0 

(d) 24-2 

(d) 27-0 


(c) 10-5 

(e) 11-7 

(e) l.'i-O 

(p) 12-4 

(e) 14-6 

Chalky clay 

(a) -3-4 

(a) 3-8 

(a) 1-6 

(a) -3-1 

(n) 0-8 


(A) 0-8 

(A) 4-2 

(A) -1-0 

(A) 3-8 

(A) 4-8 


(c) !»-2 

(c) 10-8 

(c) 7-8 

(c) 6-3 

(r) rrO 


(d) 24-6 

(d) 26-.5 

(d) 26-4 

(d) 23-2 

(d) 29-0 


(e) 14-3 

(e) 14-4 

W 12-3 

(c) 11 •.'5 

(e) 11-8 

Potterne soil 

(o) -O-O 

(a) 08 

(a) 4-2 

(a) - 2 0 

(a) -6-2 


(A) 4-2 

(A) 9-4 

(A) 7-5 

(A) 8-8 

(A) .5-6 


(c) 4-2 

(c) 60 

(c) 15-0 

(c) 06 

(c) 6-0 


(d) 21-0 

(d) 21-4 

(d) 26-3 

(d) 22-4 

(d) 21-6 


(e) 11-0 

(e) 120 

(p) 110 

(c) 11-8 

(e) 10-5 

Chlorosis was marked 

in most of the plants on 

chalky clay during 1938 and 1939 but 


became less marked in 1940. 


Spring growth. Plants tended to be evergreen, though outermost leaves browned off 
in winter and still more after spring shooting. Spring growth started again in February 
or March and was slowest on the sands. 

Heaping up of stones and soil around plants was most marked on calcareous sand, 
then, in descending order, on chalky clay, sand, Potterne soil, clay. 

Adventitious roots continue to arise from stem bases as these rot upwards on all soils. 
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Flowering. Between 2. v. 39 and 7. v. 39 a considerable number of flower buds were 
damaged by frost, particularly on chalky clay. Much secondary flowering occurred on all 
plots, least on sand. 


Solanum dulcamara L. var. marinum Bab. 


Description of Transplant stock, 13. viii. 38, wlien in flower and (mostly) with young 
(green) and a few mature fruits. 

Frinnary branches of ramet prostrate, up to 9*5 dm. long; secondary branches spreading 
and subprostrate or ascending towards the ends, up to 2-6 dm. above the soil surface, 
all branches flowering. Branches with about five obtuse angles, flexuose in younger parts, 
subglabrous but with some scattered adpressed to spreading white hairs of different 
lengths, and microscopic adpressed curved glandular hairs on younger parts, suffused 
in varying degrees with dark anthocyanin, numerous stomata in younger and corky 
lenticels in lower parts. Tjcaves very varied in shape and lobing, in general outline ovate 
to broadly ovate, apex acute to subacuminate, base more or less cordate, lower leaves 
with lamina up to 7*5 cm. long and 5*9 cm. broad, upper leaves average 4 cm. long and 
2-3 cm. broad, entire up to deeply 1-4-lobed below the middle, well marked midrib 
raised on both upper and lower surfaces with lateral veins arising mostly at a broad angle, 
hairs of short and medium length and a few gland-tipped on veins and near margins, in 
some leaves fewer hairs on lower than on upper surface; petiole up to 2-7 cm. long, with 
indumentum as for stems. Inflorescences 4-21 -flowered; peduncles up to 3-3 cm. long 
with few spreading to adpressed hairs and a few glands; pedicels up to 9 mm. long, 
glabrous. Calyx glabrous or (in young state) with a few hairs and glands, lobes (at 
anthesis) nearly half-circular, 1-25 mm. long, 1-5 mm. broad. Corolla 2 cm. diam., lobes 
narrowly lanceolate, 9 mm. long, 3 mwi. broad, colour ‘Nigrosin Violet’ (Ridgway, Color 
Standards, PI. XXV), with two green nectaries at the base of ea(*h lobe, with very short 
hairs on lower surface and near margins. Berries ellipsoid, 11 mm. long, 9 mm. diam., 
colour ' Brazil Red’ (Ridgway, Color Standards, PI. 1). 

The ramets used for the experiments were obtained from cuttings of tertiary branches 
from an plant (No. 9) of stock-plant 12. This stock-plant was collected on shingle at 
Dungeness, Kent, 17. ix. 33, by H. W. B. Barlow. The plant was selfed under control 
and gave a uniform family of forty-four plants. One of these (No. 9) was cloned on 
17. vii. 37 and the ramets re-cloned on 25. viii. 38. They were rooted in Potterne soil 
and transplanted to the plots on 15. iv. 39. These final ramets were erect when trans- 
planted. The plant No. 9 was also selfed under control and a family of fifty ])lants, all 
uniform, was raised. 

Deaths, No de^iihs occurred on any of the plots. 

General tone (best first) was recorded as follows: 


26. vi. 39 

Potterne soil 
Clay 

(Jhalky clay 
Calcareous sand 
Sand 


8. viii. 39 


17. vii. 40 and 20. ix. 40 


Clay 

Potterne soil 
Chalky clay 
Calcareous sand 
Sand 


Clay 

Chalky clay 
Potterne soil 
Calcareous sand 
Sand 


Rooting at nodes. The only plants to produce adventitious roots from aerial nodes, up 
to 19. xi. 40, were all on clay: No. 52 (one root), No. 54 (three roots from one node), and 
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No. 55 (one root). Roots from rbizomes appeared at the surface on clay, chalky clay, 
and Potterne soil, but not on the sands (11. hi. 40). 

Winter die-hack of shoots. After frost, shoots died back several cm. on sand, calcareous 
sand, and Potterne soil (11. hi. 40). There was no apparent die-back on clay or chalky 
clay. 

Branching habit. All the ramets, when transplanted, were erect tertiary branches and 
were transplanted erect. The gradual assumption of the prostrate branch habit charac- 
teristic of the variety is shown by the following selected scorings: 

17. V. 39. Slight inclination of branches noted on all plots. 

26. vi. 39.’ Branches beginning to bend over on all plots. 

8. vih. 39. Sand: little growth, no branches prostrate. Calcareous sand: more growth, 
branches becoming horizontal, but some erect ones still present. Clay: very .considerable 
growth and masses of prostrate branches produced. The ramets are very like coastal 
populations growing in situ. Chalky clay: very considerable growth, horizontal and 
erect branches present. Potterne soil: very considerable growth, prostrate stems have 
developed, but there are still some erect branches. 

2. X. 39. Sand: little growth, branches inclining but none prostrate. Calcareous sand: 
more growth, most branches horizontal but a few arched and prostrate branches present. 
Clay: very considerable growth with arched and prostrate branches. Potterne soil: very 
considerable growth, branches mostly horizontal but some prostrate. 

20. ix. 40. Sand : only one plant had made significant growth and this now showed 
prostrate branches. Calcareous sand: more, but not lush, growth, all ramets with some 
prostrate branches. Clay: very lush growth, all ramets with arched and prostrate 
branches. Chalky clay: very lush growth, all ramets with arched and prostrate branches. 
Potterne soil: somewhat lush but rather later growth, with prostrate and often arched 
branches. 




Sand 

Calcareous sand 

(3ay 

Chalky clay 

Potterne soil 




Longest shoot per ramet 



4. X. 39 

Max. in dm. 

2-25 

4*05 

10*80 

9*80 

10*40 


Min. „ 

MB 

2*90 

9*70 

5*(H) 

4*10 


Mean „ 

1-50 

3*43 

10-:i8 

6*82 

6*58 

12. ix. 40 

Max. ,, 

0-90 

7*50 

14*00 

13*30 

14*00 


Min. „ 

0*40 

3*80 

13*00 

8*20 

5;io 


Mean „ 

2-47 

5*38 

13*50 

10*25 

8*40 




Total spread per ramet 



4. X. 39 

Max. in dm. 

2-00 

0*65 

10*84 

13*60 

13*40 


Min. ,, 

0-87 

3*20 

16*00 

9*00 

7*50 


Moan „ 

1-34 

4*85 

16*37 

10*77 

10*40 

12. ix. 40 

Max. „ 

8-70 

10*90 

23 40 

23*00 

20*60 


Min. 

0-00 

6*90 

21*50 

14*60 

9*80 


Mean „ 

2-27 

8*90 

22*50 

18*56 

16*(K1 




Height above soil level 



4. X. 39 

Max. in dm. 

1*25 

2*20 

2*36 

2*47 

2*90 


Min. „ 

0*70 

1*60 

1*60 

1*60 

2*30 


Mean „ 

100 

2*00 

1*99 

2*02 

2*61 

12. ix. 40 

Max. „ 

1*70 

3*10 

3*00 . 

3*65 

3*65 


Min. „ 

040 

2*20 

2*20 

2*40 . 

1*90 


Mean „ 

1*26 

2*60 

2*66 

2*90 

2*56 


Flower buds showed before anthesis on 10. iv. 40 in the order (most advanced first) : 
clay, chalky clay, calcareous sand, Potterne soil, sand. 



Eric M. 

First flowering 

Marsden-Jones and W. 

1939 

A 

B. Turrill 

1940 
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8and 

Calcareous 
• sand 

Clay 

Chalky 

clay 

Potterne 

soil 

r 

Calcareous 
Sand sand 

Clay 

Chalky 

clay 

Potterne 

soil 

19 May 

— 

__ 

— 

■ 


— 

— 

1 

— 

— 

20 

— 

— 

— 

— 

— • 

— 

— 

3 

— 

— 

21 

— 

— 

— 

— 

— 

— 

1 

4 

3 

— 

22 

— 

— 

— 

— 

— 

— 

1 

4 

4 

1 

23 

— 

— 

— 

— 

— 

— . 

1 

5 

4 

1 

24 

— 

___ 

— 

■ 

— 

— 

1 

. — 

5 

1 

25 

— 

— 

— 

— 

— 

— 

2 

— 

— 

3 

26 

— 

— 

— 

— 


. — . 

2 

— 

— 

3 

27 

— 

— 

— 

— 

— 

— 

2 

— 

— 

3 

28 

— 

— 

— 

— 

— 

— 

3 

— 

— 

4 

29 

1 

— 

— 

— 




3 

— 

— 

4 

30 

1 

— 

— 

— 

— 



5 

— 

— 

4 

31 

1 

1 

1 

1 

— 

— 

— 


— 

4 

1 June 

1 

2 

1 

1 









— 

4 

2 

1 

3 

2 

5 

— 

— , 

— 

— 

— 

4 

3 

3 

5 

4 

— 

3 

1 

— 

— 

— 

4 

4 

3 

— 

5 

— 

4 

1 

— 

— 

— 

5 

5 

4 

— 

— 

— 

4 

2 

— 

— 

. 

— 

0 

5 

— 


— 

5 

2 

— 

— 

— 


7 

— 

— 

— 

— 

— 

2 

— 

— 

— 

— 

8 

— 

— 

— 

— 

. — 

2 

— 

— 

— 

— 

9 

— 

— 

— 

— 


2 



— 

— 

— 

10 

— 

— 

— 

— 

— 

3 

— 

— 

— 

— 

11 

— 

— 

— 

— 

— 

4 

— 

— 

— 

— 


occurred on all plots on 5, vi. 40. On the same date the degree of 
florifery (most floriferous first) was in the order: clay, chalky clay, Potterne soil, calcareous 
sand, sand. 


First f ruiting 


1939 

A 





1940 




Sand 

C'aicareous 

sand 

Clay 

Chalky 

clay 

Potterne 

soil 

r 

tSand 

(.'alcareous 

sand 

Clay 

Chalky 

clay 

Potterne 

soil 

5 July 




— 

— 

— 


1 

— 

— 

10 

— 

, — 

, 

— 




— 

4 

2 

— 

11 

— 

— 

— 


— 

— . 

1 

4 

2 

— 

12 
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— 


1 

5 

4 

— 

13 

~ 


— 


— 

— 

1 

— 

5 

— 

14 

— 

— 

— 

— 

— 

— 

2 

— 

— 

— 

18 

— 

— 

• 

— 
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3 

— 

— 

1 

19 

— 

— 

— 


— 

— 

4 

— 


1 

20 

— 

— 

— 

— 

— 

— 

5 

— 

— 

3 

23 

— 

— 

— 

— 

— 

— 

— 

— 

— 

4 

24 

— 

— 

— 

— 

— 

1 

— 

— . 

— 

4 

29 

— 


1 

__ 

1 

— 

— 


— 

5 

3 Aug. 

— 

— 

2 

— 

2 

— 

— 


— 

— 

4 

— 

— 

3 

1 

3 

— 

— 

— 

' — ■ 

— 

8 
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1 

3 

2 

4 

— 

— 

— 

— 

— 

9 

2 

1 

4 

3 

5 

— 

— 
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— 

10 

2 

2 

4 

3 

— 

— 

— 

— 

■ — 

— 

11 

3 

3 

4 

4 

— 



— 

— 

— 

12 

3 

3 

4 

5 

— ■ 


— 

— 

— 

— 

13 

3 

4 

4 

— 

— 

— 

— 

— 

— 

— 

14 

3 

1 — 

5 

— 

— 

— 

— 

— 

— 

— 

17 

4 

— 

— 

— 

— 

— 

— 

— 

— 

— 


Size of berries. The length and diameter of a random sample of 50 berries from every soil 
was measured (except from sand on which insufficient berries to reach this figure were 
produced). Here it suffices to give maximum and mimmum figures in mm. for the 
two years. 
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1«39 1940 

, A 



Max. 

Min. 

Max. 

Min. 

8and 

9-5 X 7 0 

90 X 70 

110x90 

10*0x8*5 

Calcareous sand 

10-5 X 9 0 

8-0 X 7-5 

100 X 90 

8*5 X 7*0 

Clay 

120 X 100 

10 0 X 9-0 

10*8 X 8-5 ' 

9*0 X 8*0 

Chalky clay 

110x105 

100 X 90 

110x9*5 

9*0 X 8*0 

Potterne soil 

11-0 X 9-5 

9*0 X 8-0 

11*0x8*5 

9*0 X 7*5 


Number of berries produced on the most fructiferous infructescence on every ramet : 



1939 

A 



1940 

.A.. 


r 

Max. 

Min. 

Mean 

r' 

Max. 

Min. 

Mean 


Sand 

3 

1 

1*8 

18 

0 

3*8 

Calcareous sand 

14 

7 

10*8 

12 

6 

10*4 

Clay 

19 

16 

17*6 

13 

11 

12*0 

(Chalky clay 

15 

9 

12*8 

21 

10 

14*4 

Potterne soil 

18 

16 

17*2 

14 

7 

11*2 


Seedlings. These first appeared on 17. iv. 40. Germination is continuous throufz:hout the 
summer. The seedlings on the plots tend to germinate in clumps, corresponding to the 
many-seeded berries. One clump on Potterne soil had 34 seedlings. 


Sand 

Calcareous sand 
Clay 

Chalky clay 
Potterne soil 


17. iv. 40 

None 
Very few 
Very few 
None 

Very numerous 


20. ix. 40 

None 
Numerous 
Numerous 
Very numerous 
Numerous 


Berries remaining on 'plants. Plants retained their berries till the end of December, 
after the leaves had all dropped. On the clays and Potterne soil many berries were 
ruptured on the plants and others fell on the soil around. 


Summary and conclusions 

1. Figures for rainfall, temperature, and humidity are given for 1938, 1939, and the 
first nine months of 1940. 

Attention may be called to the figures for relative humidity. These have been extracted 
from the continuous graphs which are often extremely regular in their nocturnal rise 
and diurnal fall. It is suggested that this factor, which is only partially correlated in a 
direct manner with temperature variations, deserves more intensive study in its influence 
on plant behaviour than it has yet received. 

2. The results of periodic records on the species investigated during the three years 
are embodied in this report. The chief facts that have emerged and their relationships 
with earlier results are : 

Centaurea nenioralis. This species has been on the plots continuously for the 13 years 
of the experiments and has proved a persistent perennial on all the soils. For the whole 
period the ratio of total ramets Used to total deaths is 5*4 : 1. No deaths have occurred 
on sand or calcareous sand. No morphological differences between the ramets on the 
different soils have appeared. The habit differences, due either to soil or climate, between 
ramets (of one and the same clone) at Kew (stems widely ascending) and at Potterne 
(stems erect) have been maintained for the 13 years. It is extremely interesting that this 
species has shown the best results, for general tone and most of the characters scored 
separately, on sand, second best results on calcareous sand, and the worst on Potterne 
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soil. The significance is all the more striking when we examine the tables, at the end of 
this summary, in which it is made clear that sand is the most unfavourable of the 
Transplant soils for a majority of the species tested. The total numbers of flowering stems 
show fluctuations for the three years but, when compared with results in earlier years 
and correlated with the meteorological record, these fluctuations are clearly seen to be 
due to annual weather conditions, especially to early summer rainfall and temperature, 
and not to any progressive soil exhaustion. 

Silene mariiima (narrow-leaved variety). No morphological changes were observable 
in ramets on any of the soils, except that leaves of those on sand were, ^n the whole, 
slightly smaller than those of ramets on other soils. Other striking characters of the 
clone — deep anthocyanin, narrow leaves, narrow calyx, and essential femaleness — 
remained constant on all soils. Diflerential death rates were remarkable. Only three 
ramets out of 26 remained alive on sand for the 2| years of the experiment with this 
plant. On the other soils there were no deaths, 26 ramets surviving on every one. Features 
of the root system vary on the different soils and are comparable to those recorded earlier 
for typical Silene rmiritima. 

Plantago major (large variety). More deaths have been recorded, particularly on sand. 
The general tone has clianged slightly from that of earlier scorings and finally became 
stabilized with chalky clay best and sand wmrst. The scorings for individual characters 
mostly agreed with this evaluation. 

It is of some importance to compare the results obtained with this large variety of 
Plantago major, for the years 193() to 1940, with those obtained with the small variety 
for 1928 to 1934. Breeding and other controlled experiments showed that the two stocks 
were genetically distinct. On the Transplant soils they behaved in one sense very 
similarly, in another in an almost reversed manner. In both varieties, though with some 
fluctuations, the jdants did best on clays and Potterne soil, worse on calcareous sand, 
and worst on sand. The small variety be(^ame larger on the clays and Potterne soil, the 
large variety became smaller on the sands. The death-rates tvere particularly high on 
sand for both varieties and on chalky clay and Potterne soil for the small variety as the 
following table shows: 



Alive 

Alive 


Small variety 

Large variety 


(after 6 years) 

(after 5 years) 

Stiiul 

8 out of 2() 

3 out of 14 

Calcareous sand 

8 „ 26 

11 „ 14 

Clay 

22 „ 26 

10 „ 14 

( 'halky clay 

6 „ 26 

14 „ 14 

I\)tterne soil 

3 „ 26 

14 „ 14 


In spite of the fact that there was some tendency for the gross morphological characters 
to become similar in the twm varieties when grown on any one soil, the diflFerences between 
the two varieties were never obliterated and there were different physiological reactions 
as indicated by death-rates, in regard to drought resistance and disease and pest attack, 
and rate of seedling development. 

Phleum pratense has survived witho\it further deaths on any soil. The general tone has 
been constant for the sequence.” Potterne soil (bevst), clay, chalky clay, sand, calcareous 
sand. Detailed scorings of characters show^ed the same sequence, with some fluctuations 
between the clays. Actual figures show variations within the range of those for recent 
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years with no fixed or regularly continuing- increases or decreases. These facts suggest 
that the differential reactions to the soils have reached a degree of equilibrium without, 
as yet, there being any sign of soil exhaustion. 

Phleum nodosum has survived without any deaths on any of the soils during the nine 
years the species has been used in the Transplant experiments. The general tone has 
kept constant for the sequence (best first) : Potterne soil, clay, chalky clay, sand, calcareous 
sand. Actual figures show variations within the general range for recent years with no 
fixed or regularly continuing increases or decreases. The summer drought of 1940 reduced 
the numbers of flowering stems considerably. This contrasts with the weather effects 
on P. pratense. 

The five years’ additional experience with the two timothy grasses since that recorded 
in our note on their taxonomy (J. Ecol. 25, 206 footnote, 1937) confirms our conclusion 
that they must be regarded as belonging to distinct taxonomic species, whatever their 
origin and cytogenetic relationships. The various characters of size, habit, and structural 
details we have studied have remained different on the five soils of the Transplant 
experiments. There have been no changes in these characters from those of one species 
towards those of the other. On the whole, reactions to edaphic factors have been parallel 
in the two species but reactions to seasonal weather have sometimes been markedly 
different. The Phleum nodosum clone has remained self-sterile. Readers interested in 
the question of the relationship of P. pratense and P. nodosum may be referred to a paper 
by H. Nordenskidld, ‘Cytological studies in triploid Phleum\ in Bot. Nofis&r, 1941, 
pp. 12-32. The question of sterility is discussed by Jenkin, ‘Fertility in plants of the 
genus Phleum\ in Bull, Univ. Coll. Wales, Welsh Plant Breed. Sta., Series H, no. 12, 
148-69, 1931. 

Fragaria vesca. The present interest of this species on the Transplant soils centres in 
the recloned and redistributed groups, everyone of five ramets. These represent clones 
previously grown on every soil redistributed to every soil. For groups of ramets from 
different soils the results recorded show that those from chalky clay gave the best results, 
followed, apart from a few and usually insignificant fluctuations, by those from calcareous 
sand or sand and Potterne soil or clay (worst). It would appear that the calcium carbonate 
in some way acts as a favourable stimulus for growth, the influence being determinable 
for at least 5 years. 

Solanum dulcamara var. marinum was only in position on the Transplant soil for 
2 years. With other species we know that different reactions can become obvious on 
different soils within that period. It is, therefore, of interest to note that, wherever there was 
sufficient elongation the characteristic prostrate habit of growth appeared in the branches 
of ramets derived by repeated cloning from one original stock plant. The habit character 
of the variety has been shown to be genetic and also constant (not plastic) under the 
different plot conditions of the Transplant experiments. General tone and numerically 
determined characters of growth tended to become stable on the different soils in the 
following sequence (best first): clay, chalky clay, Potterne soil, calcareous sand, sand. 
The natural wild habitat of the variety is the shingle beach. It would appear that its 
occurrence on more or less stabilized shingle is not due to its better growth on such a 
substratum but to other factors, such as absence of severe competition from other plants, 
connected in turn with the ability of the variety to withstand sea winds, strong insolation, 
and even some sea spray. 
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3. Moss growth and slug attack were not pronounced during the three years but there 
was some spread of Cladonia. 

4. Primary flowering has again been carefully recorded. Centaurea ncnwralis increased its 
carliness of first flower development throughout the three years and was very early indeed 
in 1940. First flowering for Planiago major was particularly early in 1940 on clay and 
chalky clay. First flowering was early and quickly completed on all soils for Phleum 
pratense in 1940, but though on the whole that for P. nodosuyn was earlier in 1940 than 
for the two previous years it was longer drawn out and latest on calcareous sand and 
sand. The figures for first flowering (and for first fruiting) are given for Frajaria vesca 
but no generalization has emerged from their study. In SoUmum dulcamara var. marinum 
first flowering and first fruiting was earlier in 1940 than in 1939, except for the rather 
extended first flowering on sand. It would appear that, in general, first flowering depends 
more on seasonal weather than on soils, but is modified by the latter. 

5. In J . Ecol. 26, 380 -9, 1938, a summary of the results of the Transplant experiments 
was given for the 10 years, 1928-37. The present report is the final one. In conclusion, 
it may be useful to re-emphasize how very different have been the reactions of the species 
used to the edaphic conditions of the five plots. The following table gives the plants 
which showed maximum growth, vigour, and (usually) flowering and fruiting on the 
five soils and those that show^ed a minimum for such development. In preparing this 
table and the next the later scorings have been given a higher value than the earlier 
scorings, if there wttc differences. In terms of 'general tone’ and other scorings one 
species 'did best’ and another 'did worst’ on every soil. 



Best 

Worst 

8and 

Centaurea nemoralis 

Silene mariUma (narrow-leaved variety) 
Planiago major (large variety) 

P. major (small variety) 

Fragaria vesca 

Solanum dulcamara var. marinum 

Silene vulgaris 

A nthyllis mdncraria 

Calcareous sand 

Silene niaritima 

Phleum pratense 

P. nodosum 

Clay 

Solanum dulcamara var. marinum 

— - 

Chalky clay 

Silene maritima (narrow-leaved variety) 
Plantago major (largo variety) 

Silene vulgaris 


Potterne soil 

Phleum prateme 

P, nodosum 

Fragaria vesca 

Anthyllis vulneraria 

Planiago major (small variety) 

Ceuta iLrea nem oral is 

Silene maritima 


In the second tabulation (below) there is a summation for soils. A species 'doing best’ 
on a soil gives the value 5 to that soil, ‘doing second best gives 4, and so on, down to 1 
for the soil on which it ' does worst These figures are fairly accurate as relative evaluations 
since they are accorded on the basis of general tone and of scorings for detailed characters. 

The summated result is : 


Clay 

40 

Chalky clay 

40 

Potterne soil 

39 

Calcareous sand 

28 

8and 

20 
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PLANT LIFE IN KONGSFJORD, WEST SPITSBERGEN 

By NICHOLAS POLUNIN, Department of Botany, Oxford 
{With Plates 6-9 and one Figure in the Text) 

1, Introduction 

No account of the vegetation of the Kongsfjord region of Spitsbergen has so far been 
published, or at least none was available in 1940 when Norway came under enemy 
occupation. Nof is the general cryptogam or even the phanerogam flora at all well 
known. Kongsfjord, ca. 79“ N. (see Fig. 1), runs in obliquely east-south-east for about 
30 km. from the Arctic Ocean coast and forms a convenient regional entity for descrip- 



Fig. 1 . Sketch -map of Kongsfjord (King’s Bay), comprising area shaded in inset maplet (upper left-hand corner) . 


tion. It is interesting also in having a disused coal-mine, radio station, airship hangar, 
and ‘ post office ’ — all the farthest north in the world unless it may be for newer Russian 
ones, e.g. on Franz Josef Land. It was the place from which the dirigible ‘Norge’ made 
its historic flight to the North Pole in May 1926. Kongsfjord also supported for a time 
the farthest north cow in the world, and a piggery with sixty pigs. Moreover, during 
the years immediately preceding the present world war it came further into prominence 
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as the farthest north point of call — at least to land — of many of the pleasure cruises to 
the Arctic which were then becoming so popular. Almost every summer during the 
middle 1930’8 several great liners, filled with pleasure seekers who went there and pro- 
ceeded even farther north in perfect luxury, visited Kongsfjord for a few hours or occa- 
sionally a day or two. Not since an earlier century when mariners of several nations 
fought all together for whaling ‘rights’ can any part of the Spitsbergen Archipelago well 
have resounded to such rowdy throngs as did Kongsfjord on those occasions in the 
pre-war years ! To botanists who may have accompanied these cruises, and to others 
who may go there in the future, I offer the following account prepared around notes 
which 1 made during the summer of 1933 while on a Norwegian sealing and white- 
whaling expedition with that fine arctic pilot Captain Svenson of Tromso. Some such 
account would appear particularly appropriate in this place and at this time, because the 
Journal of Ecology has long been noteworthy for its accounts of the vegetation of other 
parts of the Spitsbergen Archipelago (see references on pages 107 and 108), and because it 
seems desirable to bridge the gap between these former papers and those we may hope 
for in the better years to come. 

The present account is of necessity far from complete, because although two visits 
were paid to Kongsfjord, one of them — on 27 July — was only for a single day, while 
the other — from 2 to 7 August - was for the purpose of resting and repairing our ship 
after a bad storm farther north. Nevertheless, by working at night as well as during the 
day, in a manner that is fortunately easy in such high-arctic lands, I was able to accom- 
plish a fair amount of botanical field work. This was pnmarily directed, in the absence 
of sufficient time to do more than a fraction of what I would have wished, towards 
analysing the evident similarities between the vegetation and flora of exposed limestone 
areas with the vegetation and flora on the similarly exposed limestone surface of Akpatok 
Island (Polunin, 1934, 1935), situated nearly 19^ of latitude farther south and more than 
3200 km. (2000 miles) distant on the other side of the Atlantic. 

It may be said at the outset that the vegetation of Kongsfjord is like that of all other 
areas in Spitsbergen in being always dwarf, no plants rising to a height of much more 
than 50 cm., while the general vegetation is less than half this maximum. Moreover, it 
is usually sparse and open; only occasionally in very localized areas where conditions of 
shelter, water supply, or available food substances are especially favourable, may it be 
closed and matted. Most of the area that is not covered by ice or mountains (whose 
upland regions were not examined around Kongsfjord but which probably almost every- 
where support still poorer vegetation, as in the Bellsund region farther south) is occupied 
hy fjelhnark — stony desert (current Norw. ‘mountain ground’), consisting of rock frag- 
ments of all sizes including much finer soil, the result largely of severe frost weathering. 
On this grows a greater or usually lesser abundance of the hardier plant species, generally 
in sparsely open formation. Here frost comminution and solifluction, and the various 
other agents of surface denudation which are so active in the Arctic, tend to give habitats 
which are occupied only by chance colonists, with the result that the micro-communities 
may be almost as much mixed as the plants themselves, the vegetation as a whole 
appearing to consist of an intricate assemblage of plants varying from place to place 
and with no particular dominant. This aspect has been stressed by Wager (1938), whose 
observations on the high death-rate of seedlings in f jellrnark areas of East Greenland are 
most interesting even if Dobbs (1939) was unable to confirm them for Spitsbergen in 
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the summer of 1936 and although Wager’s suggested explanation has been pertinently 
criticized by Russell (1940). Generally, however, one species is more or less dominant;- 
but only in areas where conditions are p^,rticularly favourable can any one species or even 
life-form be so successful as to oust all competitors and cover the ground. 

This paper describes examples of the main plant communities encountered in Kongs- 
fjord and compares them cursorily with those of some other parts of Spitsbergen. The 
phanerogam and pteridophyte flora was collected as far as possible. The short lists of 
bryophytes and lichens which are given at the end of the paper merely comprise those 
species of these groups which were collected for the purpose of supplementing ecological 
lists or because they were especially abundant or conspicuous. Apart from the few Algae 
mentioned, no other cryptogams were identified among those of my collections from this 
place which reached England; however, a few of the more conspicuous Fungi occurring 
in one spot have recently been reported by Dobbs (1942). 

2. Climate and other conditions affecting plant growth 
As has already been pointed out by Summerhayes & Elton (1928), the local variations 
in the plant communities of Spitsbergen are generally to be related to the interaction of 
four independent environmental factors, viz. climate, underlying rock, water supply, 
and manuring by sea birds. To these should probably be added factors introduced by 
ice and snow, viz. the results of persistent phasic change and the period that had elapsed 
since deglaciation (especially short near some present-day glaciers), and the time of 
melting of the snow each year (this is especially late in areas where drifting is deep, 
with a corresponding reduction of the growing season). Climate is always the primary 
factor determining which of the major vegetation belts of the world a region falls into; 
but in Spitsbergen the local climatic and other conditions vary so greatly according to 
exposure (which itself is largely determined by local topography), that the vegetation 
may even vary drastically from spot %o spot in the same general locality often from 
one square metre to the next, as in the hilly areas around Ny-London (see below). It 
thus seems desirable, for a fuller understanding and to get a truer conception of th(^ 
environmental conditions, to name topography before all the other factors. These main 
conditions affecting the vegetation will now be considered in somewhat greater detail, 
with special reference to Kongsfjord. 

(a) Topography 

Spitsbergen, almost everywhere a mountainous country, is especially so around 
Kongsfjord (see PI. 6, phot. 1, in background). The slopes in many places rise steep 
and almost straight to the pointed peaks which give the land its name and which here- 
abouts often exceed 1000 ni. in height. Sometimes the lower slopes start as screes or 
rough broken cliffs almost or quite at the edge of the sea, but generally in the Kongsfjord 
region they only commence to rise steeply behind a more gently sloping coastal outwash 
plain a kilometre or so wide, and dissected by glaciers which in some cases come right 
down to the sea (PI. 6, phot. 1, in middle distance). These plains support most of the 
vegetation of the area, and it is mainly with them that we shall be concerned. 

(6) Climate 

The local climate is in these regions largely a function of exposure, which is itself 
dependent upon topography. However, in general terms it may be said that for a land 
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J^liot. 1. Typically riiirucd country lu'ar th(‘ head of IvoiiL^sfjord, with a 
laritrc ^lacic'r discharginjj: into IIk^ s(‘a (pp. S4, dtt). Tak(‘ii IVoin a 'bird' 
island (p]). S(),dS),th(‘ inanun'd foicLU-ound su])]>ortin^ an unusually luxuriant 
moss mat u it li (lowering Saxifra^ac, (‘tc. 



rhot. 2. Bouldcr-strcwn sloix's near the Avater in shelteivd fjordlaaid 
re^don (]). dd). F.ven liere tlu‘ heathy vegetation is hardly notice^able from 
a distance, being rarely closed (‘xe(‘])t in es])ecially favourable d('prt\ssions. 
Resting on a floating l)]oek of ic‘(‘ can b(‘ seen two ringtal seals (riioai sp.). 
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Phot. I'lululating Drytts ‘barrens' ehi(‘fly of linK'stone, inl/ind of Xy- 
I.-ondon (p]). S(), 92). 1'liere is staf)ilization of the surface' by |)lants 

in ('xposed situations that an^ not manured; here' in the' slo])in «4 foi’e'ground 
tlie dyiiamie nature of the surfa(*(‘ mate'riaJ is indicated by the t(‘iid(‘ney of 
the vegetation to form streaks (p. 92). 









r 




Idiot. 4. Luxuriant herle-moss mat d<^velo|)ed wlieri' water percoiatfs in 
sheltered deymssion (j)]). Sb, 99). In the foreground, water coming from 
the sloj)es above has reached the surface and is seen running freely l)etween 
some of the tussocks of vegetation, which I)y growth and the gathering of 
silt, etc., may become quite large and y)romincnt; Ix'hind comes a tract of 
Cassio'pe heath, also snow-covered in winter, wliilo in the bacLgroimd the 
slopes rise more steeydy to the light-coloured ‘barrens’ of exposed situations. 
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of such high latitude (all less than 1000 miles from the Pole) the climate of Spitsbergen 
is relatively mild, being tempered by a branch of the Gulf Stream which approaches 
the south-west coast, with the result that along this coast the sea does not freeze over 
in an average winter except in the fjords. Nevertheless, during the winter the air tem- 
perature is rather low, and over a period of years no calendar month is entirely free from 
frost, although July and August may often be. During this brief summer — there is 
hardly any spring and autumn except in so far as these seasons are characterized by 
the rapid unfolding and inactivation, respectively, of life in the annual cycle — the tem- 
perature in the sun is often quite high on clear days, especially in the interior of the 
fjords, where 27 and 28° C. have been recorded (cf. Siimmerhayes & Elton (1923), who 
contribute some other interesting temperature data). It is well known that in Spitsbergen 
as in other arctic lands the fjord -head regions enjoy a much more continental, and to 
plant life more favourable, climate than does the coast (PI. 6, Phot. 2). 

So far as I have been able to determine no protracted meteorological observations 
have been made in Kongsfjord, but the following table shows the mean temperature for 
the different months over the period 1912-26 at Grbnfjord (Green Harbour), situated in 
Isfjord a comparable distance from the coast but about 100 km. to the south-south-east 
and probably enjoying a slightly warmer but otherwise similar climate: 



Mean tc^mp. in ^C. 

Mean precipitation in mm 


1912-26 

1912-24 

January 

-16J 

35 

February 

-191 

37 

March 

- 18-5 

27 

April 

- 13*5 

24 

May 

- 4*8 

12 

June 

20 

11 

July 

r>*4 

16 

August 

4 6 

^>2 

September 

01 

25 

October 

- 5-8 


November 

118 

24 

Decemlier 

- 14 3 

37 


Yearly average - 7-6 

Total for year 299 


On most flat areas the snow lies generally from the middle of September until the 
middle of June, which leaves a growing season probably at the very most of only three 
months even for the plants on south-facing slopes where the snow melts first, and much 
less on most other areas, since frosts come regularly in early September. The fjord usually 
freezes up during the latter half of October, this ‘sea’ ice disappearing by the end of June. 

The precipitation in Kongsfjord appears to be little known; but it is said, like that of 
other places in Spitsbergen, to be low and mostly in winter in the form of snow. (Some 
figures are given, in the table above, of the mean monthly and annual precipitation 
observed over a period of years at Gronfjord.) 

The relative humidity tends to be very high owing to the lowness of the temperature, 
and foggy or cloudy days are all too frequent, especially near the coast. But once the 
temperature rises the actual small amount of water vapour present in the air can be 
easily absorbed and a very clear atmosphere result — a factor important in increasing 
the amount of direct insolation which the ground and vegetation can receive. Thus dark 
patches of vegetation in the sun can take on temperatures many degrees higher than 
the surrounding atmosphere; but this is only when the air is virtually still, which further 
emphasizes the importance of shelter and, through it, of local topography. These factors 
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and effects tend to be cumulative. On the other hand, in exposed places in the Arctic 
the air is rarely still and so high temperatures are rarely attained; such vegetation as can 
develop has, moreover, frequently to do without any protective blanket of snow in winter. 

At Kongsfjord the ‘midnight sun’ lasts from 17 April to 27 August, the season of 
obscuration being from 23 October to 19 February. 

(c) Underlying rock, etc. 

The geology of the Kongsfjord region is rather complicated, the exposed rocks varying 
in type and chemical composition considerably from place to place. The mountains are 
composed for the most part of quartzite and mica schist (cf. Orvin, 1934), underlain by 
limestones. These last often appear at the surface near the coast, and in places on both 
sides of the fjord (e.g, at Ny-London and Ny-Aalesund) actually form small eroded cliffs 
by the sea. The lower slopes of the mountains are most frequently covered by long screes 
of talus blocks which have fallen from the crags above, but the coastal plains, at least 
where there are no small limestone cliffs by the sea, are generally covered by marine 
terraces of much -mixed material of varied composition, or, near the glaciers, by morainic 
deposits which are still more heterogeneous and variable. At Ny-London the hinterland 
and also the small cliffs by the sea are largely of limestone, although this is in places 
covered by gravelly marine deposits or moraines, while there is generally a greater or 
lesser number of large erratic boulders strewn about the smooth- worn, undulating surface 
(PI. 7, phot. 3). 

{d) Water supply 

The available water not only varies from place to place with local changes in the 
topography, but it may also vary greatly at different periods in the summer, short as 
this is. The water supply is especially precarious on raised areas and porous rocks such 
as limestones. As the summer precipitation is with little doubt very small (see above) 
and most areas are almost constantly exposed to more or less drying winds, it follows 
that when once the water from snow melting in situ has disappeared, the plants on any 
area that does not lie in a marshy depression must depend for a continued supply mainly 
upon the results of melting of ground ice or larger patches of ice or snow situated else- 
where. Nevertheless, this slow melting serves to keep many areas abundantly supplied 
with water, so that in spite of the paucity of rain falling in summer the conditions are 
often very humid. Any gentle slopes below permanent snow patches or ice caps are 
generally plentifully supplied with water which, prevented from sinking far into the 
ground by bedrock or tele (‘tjale’, hard-frozen soil) or separated ground ice situated not 
far beneath the surface, percolates down near to or at the surface, over which it may 
spread so that the area comes to support a luxuriant moss ot herb-moss mat in the 
form of a conical alluvial delta, from which deliciously cool water oozes in innumerable 
places (PI. 7, phot. 4). On the other hand, raised hillocks or rocky outcrops of such 
porous material as limestone, or coarse morainic deposits, may have their surface almost 
bone dry from quite early in the summer. These when situated in exposed places near 
the sea have, as rnight be expected, generally the poorest vegetation of all. 

{e) Manuring by sea birds 

This factor cuts right across the others, promoting the development of quite luxuriant 
vegetation on almost any area that is not too dry (see foreground in PI. 6, phot. 1). 
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The topography and degree of exposure matter little more than the nature of the sub- 
stratum, which matters hardly at all — cf. the situation on Akpatok Island and elsewhere 
in the Canadian Eastern Arctic (Polunin, 1935 and MS.). Even a shortage of water to 
any reasonable degree need not be damnatory, the effect being cumulative when once 
the vegetation has got a proper start, for the more moss or grassy vegetation that is 
produced the more will melting snow and other water be conserved. Even where there 
are no typical ‘bird-cliffs’ much of the plant food may be brought from the sea by birds. 
This was clearly the case at Kongsfjord, where many areas near the sea were obviously 
visited more or less regularly by flocks of feeding wildfowl. Here again ^he effect is 
cumulative, for the more luxuriant the vegetation is, the more the area will be visited 
and manured, and the more it is manured the more luxuriant will the vegetation become. 
Apart from such local manuring effects, which are rarely seen more than 2 or 3 km. 
from the sea, the biotic factor is probably less important in such high-arctic lands than 
almost anywhere else in the world, although in the sea itself life frequently abounds. 

While the soil varies greatly in texture, mechanical components, and chemical con- 
stituents from place to place, it seems worth mentioning here one sample taken at random 
by Orvin (1934) from the up})ermost layer of a seaside terrace in Kongsfjord. It was 
poor, brownish coloured and ‘homogeneous’, consisting of stone fragments and gravel 
with only very little earth. According to Orvin ‘The earth does not contain humous 
substances worth mentioning with the exception of the uppermost stratum, which 
contained some thin root fibres’: 

From 0 to 25 cm. it contained 54 % of gravel and stones. 

,, 25 to 40 cm. ,, 82% „ 

„ 40 to 50 cm. „ 87% 

Further investigation of the drier uppermost stratum (0-25 cm.) gave the following 
results as percentages, showing the material to be very poor in fertilizing agents: 


N 

0-09 

FcoO., 

5-98 

P 2 O 5 

0-04 

Ignition loss 

6-16 

K,0 

0-05 

Reaction 

()-54 

CaO 

0-53 




The supply of ‘available’ nitrogen in the soil is in most areas very low or at least 
precarious in the Arctic. This may be due to the usual absence of Leguminosae and, 
it appears probable, to the relative inactivity, under the prevailingly low temperatures, 
of nitrifying and nitrogen fixing bacteria rather than to their actual absence (cf. Russell 
et al. 1940); on the other hand, denitrification may be quite rapid (Barthel, 1922), even 
at relatively low temperatures, and especially under excessively humid conditions (cf. 
Waksman, 1931). This scarcity of both inorganic and organic nitrogenous (and also 
probably to a lesser degree of phosphatic) food materials is abundantly illustrated by the 
much richer vegetation which appears wherever there is even the smallest tendency 
towards its being made good by manuring. 

Although the soil in Spitsbergen is almost everywhere frozen to a great depth in 
winter, in summer the surface thaws out to a depth of 60 or 80 cm., and sometimes 
considerably more—especially on dark south-facing slopes catching the sun's rays at 
right angles, or where the ground is raised or consists of well-aerated, coarse dry sand. 
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(/) ^'^ow and ice effects 

Perhaps because factors belonging to this set are of little or no importance in tem- 
perate regions, unless it be on high mountains, they tend to be overlooked by workers 
not familiar with arctic conditions both in winter and summer. Nevertheless, the effects 
may be quite striking; they include the following around Kongsfjord as in most other 
high-arctic lands: 

(1) In depressions where the snow drifts so deeply each winter that its disappearance 
only well on or even late in the summer drastically reduces the growing season, the 
plant populations are naturally of species able to exist and usually reproduce in the 
short time remaining before winter. This effect is additional both to the abundance of 
water produced on melting and to the good protection against cold and desiccation 
afforded by the snow, which is a remarkably effective insulator and, even where it lies 
relatively thinly and melts slowly, may profoundly modify the vegetation. 

(2) Near existing glaciers whose recent recession has left bare areas, more or less 
marked zones of colonization are often visible, starting usually with a broad 'sterile’ 
zone nearest the glacier. Such colonization appears, in some instances at least, to be 
sufficiently slow even on comminuted substrates to suggest that the time which has 
elapsed since any other area was left free from ice may be of significance in determining 
its present vegetation — a fact obviously true of many rock faces. 

(3) The effects of repeated phasic changes, particularly of soil water to ice, attended 
as this is by a marked increase in volume, are many and various in the Arctic, and result 
in or are closely connected with such familiar surface phenomena as frost-shattering and 
comminution of rock, solifluction, frost-heaving, and 'polygon’ formation of many kinds. 

3. Notes on the vegetation arouni) Ny-Aalesund on the 

SOUTH COAST OF KONGSFJORI) 

The deserted coal-mining camp of Ny-Aalesund at the time of my visit sported a large 
wooden quay and was usually the. point of landing of parties from pleasure cruises 
visiting the fjord. Unfortunately, I was only able to spend a few hours ashore at this 
place, during which the following few notes were taken. 

Stretching behind the huts of the mining camp was a plain about km. wide, of flat 
areas and slightly rising slopes. The vegetation of this plain, although open and de- 
pauperate, was not as extremely scanty and reduced as on many areas in Spitsbergen. 
However, it was of high-arctic type in being dominated over considerable areas by 
Saxifraga oppositifolia and Luzula confusa, with Dryas octopetala or Papaver radicMum 
in some places and a little Cassiope tetragona in the most favoured habitats; thus it was 
rather reminiscent of Craig Harbour in Ellesmere Island (Polunin MS.), whereas farther 
north conditions tend to get markedly less favourable (Ostenfeld, 1923). 

Avoiding areas which had evidently been disturbed by man, the following phanerogams 
were noted in a walk across this plain (27 July) to the scree slopes and glacier beyond; 
the frequency degrees given are rough and purely relative (authorities for plant names 
are given in the lists of ‘Flora’ at the end of the paper.): 

Saxifraga oppositifolia v.a.-d. Luzula nivalis l.a. 

Luzula oonfusa f.-co-d. Cerastium regelii ' l.a. 

Dryas octopetala l.a.~l.d. Cassiope tetragona l.a. 

Salix polaris l.a. Saxifraga caeapitosa f.-l.a. 
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Papavor raclicatum* 

1. 

I^edicularis hirsuta 

o. 

Oxyria digyna 

f. 

Saxifraga cernua 

o. 

Gramineae as a whole 

f. ’ 

Juncus biglumis 

o. 

Including Festuca rubra var. arenaria 


Cerastiurn alpinum 

0, 

Deschampsia a,lpina 


Sagina intermedia 

o. 

Puccinellia vahliana 


J.<ycopodium selago 

o. 

Phippsia concinna 


Carex rupestris 

o. 

P. algida x concinna? 


Stellaria longipes 

r.-o. 

Poa, cf. arctica x pratensis 

8.1. 

Polygonum viviparum 

r. 

Drabae as a whole 

f. 

Silene acaulis var. exscajja 

r. 

Including Draba alpina 


Cochlearia officinalis var. groenlandica 

r. 

D. oblongata 


Saxifraga nivalis 

r. 

D. cinerea 


S. hieracifolia 

r. 

I). fiadnizensis s.l. 


Lychnis apetalaf 

r. 

Carex niisandra 

l.f. 

Arenaria rubella 

v.r. 

Cardamine pratensisf 

l.f. 

Cardamine bellidifolia 

v.r. 


* Authorities for plant names are given in the lists on pp. 100 and 107. 
t In depressions. 


Of these Lycopodium selago and Carex rnisandra were associated with Cassiope] Dryas 
was on the tops of hillocks and Papaver on exposed ridges. 

Cetraria delisei appeared to be by far the most abundant cryptogam on these plains, 
showing up more than any of the phanerogams present’ and making most areas look 
distinctly brown. This and other features indicate that the snow lies here, and melts 
relatively late. 

The scree behind faced north-east. It was of jagged rock particles and in places almost 
entirely barren, hardly supporting even any mosses or crustaceous lichens. However, 
where it was more stable and some earth had collected near the surface, small plants of 
Saxifraga oppositifolia were fairly frequent and Cerastium regelii and Drabae occurred. 

The flats and slightly rising slopes of the plains afforded three special habitat types : 

(i) The works of man had caused the local and probably only temporary disappearance 
of the usual dominants and their replacement by a more luxuriant community usually 
consisting of tall grasses (including Poa pratensis up to 48-5 cm. high) with or without 
Drabae, large Cochleariae, Saxifraga c/iespitosa and other 'open soil’ or nitrophilous 
j)lants, and sometimes carpets of Tetraplodon worniskjoldii or Marchantia polymorpha. 
Ranunculus acris L., Stelhria media (L.) Cyr. (floWering), Rumex spp. and several other 
interesting adventive plants have been noted here (see Hoeg & Lid, 1929), probably 
brought in with fodder or litter for domestic animals when the mines were being worked. 

(ii) There were low marshy areas near the settlement which were carpeted by a con- 
tinuous investment of hygrophytic mosses in which grew much Cardamine pratensis 
(purely vegetative; leaves very variable in shape) and some Saxifraga rivularis and 
Chrysosplenium alter nifolimn var. tefrdndrum as well as numerous Fungi. These appear to 
be the 'damp mossy flats’ of Dobbs (1942), who in the second half of August 1936 
noted among the 'larger fungi’ occurring here Tubaria furfuracxa (Pers.) W.G.Sm., 
Omphalia umbellifera (L.) Fr., Dictyolus muscigenus (Bull.) Quel., Selerodernia aurayitium 
Pers., and Russula spp. 

(iii) There were also hillocks or larger raised mounds, usually only about a metre high, 
but nevertheless showing definite horizons of vegetation presumably delimited in relation 
to the depth of the winter snow-covering and the time of its melting in summer. The 
flat tops of these mounds generally supported an open (one-quarter to one-half closed) 
fjellmafk community of Dryas octopetala with large patches of light-coloured Cetraria 
nivalis indicating the poorness or absence of winter snow-covering just here. The sides 
of the mounds were generally dominated by Casstope tetragona, with associated Carex 
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misandra, Lycopodium selago, Hylocomium alashanum, and other plants not generally 
found in the surrounding areas. There were also to be seen on the sides of these mounds 
plentiful Rhacomitrium lanuginosum and dark brown Cetraria sp. or §pp., but rarely 
more than a few scraps of (7. nivalis just here. The indications were that a fair amount 
of snow collected around the sides of the mounds ' in winter and protected the plants 
from rapid changes in temperature and from desiccation, but that it melted relatively 
quickly in summer, allowing the water to drain away and the ground to dry and become 
warm. It is well known that such raised surfaces, when they catch the sun’s rays more 
or less squarely, can take on surprisingly high temperatures even with the soil frozen 
only just below— especially when they are dark and the areas around are covered with 
snow. The observations of Wulff, reported by Ostenfeld (1923), make it clear that this 
important principle holds true on the northernmost known coasts as long as there is 
no wind. 

' As for the rest of the plain, it appears that it is generally well covered with snow in 
winter, and that because of its exposed nature and northerly slope, however slight the 
last may be, this snow melts relatively late in the summer. The ground is then left wet 
and cold for a long time, as, with the soil frozen not far beneath the surface, the drainage 
is extremely bad. Hence the vegetation is generally of high-arctic type, the chief plants 
being Saxifragae (chiefly Saxifraga oppositifolia), Luzulae (chiefly Luzula confusa) and 
Dryas, with Oxyria, Salix polaris, Papaver and Drabae as characteristic associates in 
some places. The plants are later in flowering than in many places even farther north: 
for instance, Saxifraga oppositifolia, which is always one of the very first flowers to 
appear in the Arctic a few days after the snow melts and then is soon over, was still 
flowering plentifully just here on 27 July in 1933, So were some of the Drabae, while 
Cerastium regelii and Stellaria longipes were still in bud. Among other indications that 
the place had a cool ‘late’ summer relatively unffivoiirable for plant growth was the 
fact that Cardamine pratensis did not appear to be flowering at all, as no buds were 
visible although numerous plants were examined. To be sure, this lack of ‘cuckoo flowers’ 
was also noticeable in some other parts of Spitsbergen, as it may be elsewhere (Polunin, 
1940); but I have rarely if ever seen the species so plentiful, while apparently relying 
for propagation solely on vegetative means, as it was in 1933 at Ny-Aalesund. 

On the other hand, the relatively exacting Cassiope tetragona occurred and even 
dominated favourable if very limited areas; and even the general vegetation seems to 
justify the placing by Summerhayes & Elton (1928) of this Ny-Aalesund area of Kongs- 
fjord in their 'Cassiope Zone’ of medium vegetative luxuriance, for this vegetation was 
as a whole markedly less depauperate than that developed on many of the more exposed 
coastal regions of Spitsbergen. 

4. The vegetation around Ny-London on the north coast of Kongsfjord 

Just over the other side of the narrowest part of the fjord (see Fig. 1), where it is only 
about 4 km. wide, lies the deserted settlement of Ny-London, consisting of a few tumble- 
down (in 1933) huts and machine houses, the relics of yet another unsuccessful mining 
venture. Several days were spent here in early August, almost surrounded — as frequently 
in Spitsbergen, so it seems — by pointed, snow-capped mountains around whose sides 
run glaciers often right down to the sea (PI. 6, phot. 1). From the ends of these fully 
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‘active’ glaciers huge chunks of ice would break with a loud rending crack and fall with 
a roar into the water, this / calving ’ either producing an almost continuous stream of 
icebergs which floated down the fjord with the tide and finally out to sea, or, when the 
wind was onshore, filling the head of the bay with pieces of ice of all sizes. Seals of two 
kinds abounded here, and little pufling white whales {Delphinapierus leucas (Pallas)), 
but with sea birds generally less abundant than in many surrounding areas there was 
little save the inorganic forces of nature to disturb the vegetation; indeed, except on 
recently deposited moraines (see § 7 below), even proximity to a large glacier seemed 
usually to have little or no effect upon the nature of the plant communities developed. 

As will be seen from the following account, the vegetation as a whole is considerably 
more luxuriant than at Ny-Aalesund, the seasons being apparently also earlier with the 
flowers mostly over by the end of July (in 19J3). This is probably in the main due to 
the southerly aspect and frequently more sheltered situations provided by the rugged 
topography. The flora also seemed to be larger, due presumably to these same factors 
and to the chemical diversity of the geological substrate which included considerable 
areas of limestone. While some plants appeared to be restricted to soils of special mineral 
origin, or at any rate to grow better on them, the vegetation around Ny-London seemed 
to be fairly similar on the different rocks except for the case already mentioned, viz. the 
exposed limestone areas near the sea which su})ported extremely sparse Saxifraga 
oppositifolia or Dr gas barrens (or, on the less exposed hinterland, somewhat richer 
fjellrnark or polygon-inhabiting communities). Thus even if the flora tended to be en- 
riched by an abundance of limestone, this was hardly rrue of the vegetation ; indeed, in 
Kongsfjord it was the exposed limestone areas near the sea which supported by far the 
poorest vegetation encountered in the region. These exposed areas were not only re- 
markably reminiscent of the similarly exposed limestone plateau of Akpatok Island, 
Hudson Strait, in their general appearance of light-coloured plains spotted with dark- 
coloured tussocks of plants, but the phanerogam flora and general vegetation even after 
minute investigation of test areas was found to be almost identical, while the lichens 
appeared very similar. This is already suggested by a comparison of the lists given below 
from limestone areas at Ny-London with those given for Akpatok Island (Polunin, 19J4, 
and cf. 1935); even where a species typical of one of these far-distant points is absent 
from the other, its place is generally taken by a nearly related or at least ecolbgically 
comparable species. 

As is usual in arctic regions of locally varying topography, the vegetation varies 
drastically from place to place — often from one square decimetre to the next. We must 
confine ourselves to descril)ing a few of the more outstanding communities. 

(a) Saxifraga oppositifolia barrens 

As on Akpatok Island and in other seaside situations this extremely reduced, high- 
arctic type of community is developed on small, wind-eroded hills by the side of the 
fjord. Most of those examined were of limestone. The surface varies in texture on 
different areas even when these are close together. It may consist of coarse, gravel-sized 
particles (from ^ to 3 cm. in diameter), or of sharp-cutting flakes of larger size but having 
a rough surface due to erosion by long exposure to rain, wind, and blizzards; or frost 
comminution may have gone much further and produced some soil at the surface, often 
showing stone circles or polygon’ formations on flat areas (PI. 8, phot. 6, in background), 
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or streaks due to solifluction on sucli slopes as are not too arid. PL 7, phot. 3 shows the sort 
of intermediate state (between polygons and streaks) to be seen on some rather slight slopes. 

With the actual surface usually dry and probably unstable in the face of high winds 
the vegetation is extremely poor, generally consisting of occasional small scattered plants 
of Saxifraga oppositifolia — smaller and less frequent than those of Dryas in PL 7, phot. 3. 
The Saxifraga plants are rarely more than 10 cm. in diameter, although where Dryas occurs 
its tussocks may sometimes be much larger even on this type of terrain. As is indicated 
by the following list from one area, the associated vascular plants are few. Even cryptogams 
are little in evidence, although Cetraria nivalis may occur in any larger patches of higher 
vegetation and Ochrolechia frigida may sometimes be quite frequent; also, specks of 
crustaceous lichens are generally to be found on the larger stones: 

Saxifraga oppositifolia f. Salix polaris r. 

Polygonum viviparum r.-o. Lychnis apetala v.r. (1) 

Dryas octopetala r. Draba alpina s.l. v.r. (1) 

In the less extremely exposed areas Dryas usually becomes more plentiful and a stony 
Dryas barren (PI. 7, phot. 3) or fjellmark area (on comminution of more of the surface 
material) may be produced, with the entry of further herbs and of lichens including 
Cetraria delisei. 

(b) Drysis fjellmark 

This is again a typical arctic community. It is developed in most areas near the sea 
that, on the one hand, are not too exposed for the ‘dominant’ to grow relatively well 
or too dry to prevent frost comminution, and on the other hand are not suitable for the 
ecesis of the stronger-growing dominants of more favoured habitats. Needless to say the 
community, while always open, varies greatly with exposure and other conditions in different 
areas, not only in the degree of vegetative covering but also in floristic composition. 

The examples listed were true fjellmark areas, consisting of rock particles of all sizes 
and including much fine grey mineral ‘soil’ from which the larger jagged pieces of rock 
stuck up conspicuously. The particles were chiefly of limestone origin, although there 
was considerable admixture of erratic material. The soil effervesced with acid except 
immediately beneath the larger patches of vegetation, where it was dark and humous 
but still neutral in reaction; elsewhere it was slightly basic (pH 7*5 as indicated by a 
B.D.H. pocket capillator) and without any evident horizons due to leaching or eluviation. 
There appeared to be some snow-covering in winter. Tussocks of Dryas octopetala up to 
50 cm. in diameter and rising in the centre some 6 cm. above the surface of the ground 
formed the chief feature of the vegetation, except in some places where small Carices 
(m. 20 cm. high) were so abundant as to make the whole area look straw-coloured from 
afar. These irregular patches of higher vegetation generally covered somewhere about 
half the surface, so that the general impression was of considerably greater luxuriance than 
in PL 7, phot. 3. The following is a composite list taken from two small areas: 


Dryas octopetala 

. a.-d. 

Arenaria uliginosa 

A. ciliata subsp. pseudofrigida 
Draba app. (not flowering) 

r. 


Saxifraga oppositifolia 

Carex misandra 

f.-a. 

o.-l.a. 

r. 

r. 


C. rupestris 

o.-l.a. 

Ceraatium alpinum 

v.r. 


C. nardina 

r.-l.a. 

Lychnis apetala 

v.r. 

(1) 

Polygonum viviparum 

o.-f. 

Draba subcapitata 

v.r. 

(1) 

Sdene aoaulis var. exscapa 

0. 

Braya purpurasoens 

Poteiltilla hyparctica 

v.r. 

(1) 

Salix polaris 

0, 

v.r. 

(1) 

Saxifraga aizoides (flowering) 

r. 



The smaller limestone fragments had their rough surfaces largely devoid even of 
crustaceous lichens, but on the larger pieces frequent black or yellow apothecia of 
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Lecddea spp. were visible, while the undersides of stones touching damp soil were colonized 
by an investment of Cyanophyceae. Any erratic piece of acidic rock tended to support 
far more lichens than the limestone. While they frecjuently formed a nidus for the roots 
of Carices, the Dryas tussocks were too closely compacted for mosses to flourish in them ; 
consequently few were in evidence although those listed below were collected. Indeed, 
tnosses occurred mostly as mere scraps that needed a lot of picking out, but nevertheless 
included an apparently undescribed species of Canipylojjun. Even lichens were of poor 
growth^ and rather little in evidence although quite abundant (see list below). Thus 
where Dryas tussocks had died and left dark humous patches, these were in places grey 
or white with ‘crumbling’ lichens such as Lecamra epibryon and Ochrolechia frigida. 
Again, in the living tussocks Cetraria nivalis of fair growth occurred; and in their lee 
Celraria delisei was often abundant and C. islandica (s.l.) frequent. Here the soil was 
often damp enough to support brown gelatinous colonies of Nostoc commune'. 


Mirscr: Lichenes: 

Milium orthorrhynchum Ochrolechia frigida a. 

Bryum glpboaiim var. rubcrrinium Cetraria delisei a. 

Trichodon oblongus C. iftlandica s.l. f. 

Campylopus n.sp. C. nivalis f. 

Hypnuni bambergeri Ix^caiK^ra epibryon f. 

Pogonatum urnigerum Sk^reocaulon rivulorum? 

Polytrichum sp. o. Caloplaca cinnamoinca (‘ex hab.’) 

Gyrophora sp. v.r. 


The above are ‘early snow’ areas with the flowers almost all quite over at the be- 
ginning of August in 1933. If succession can proceed further it may be expected to do 
so through increasing aggression and the local closure of some of the more favourable 
areas by Dryas, Carices, Luzulae and forbs, presumably to be dominated in the end by 
Cassiope tetragona, though it seems likely that on most of these areas, exposed and of 
limestone as they are, the vegetation has remained relatively stable for a long time. 

In depressions having a good snow-covering in winter but which are stony and well 
drained, hence dry in summer, Cetraria delisei is often so abundant as to form a con- 
tinuous dark-brown mat, while Cassiope of poor growth may frequently be seen ‘entering’ 
(see PI. 8, phot. 5).’*' A deeper depression that wuis almost like a ‘swallow hole’ had its 
sides covered with an investment of Salix polaris and tangled, straggly Saxifraga oppo- 
sitifolia with some associated S, cmspitosa, Folygo7ium viviparum, Cerastiuyn alpinurn, 
Luzula nivalis, and Oxyria. The bottom, apparently of acidic material, supported a thin 
moss-mat including numerous dark tufts of Grimmia doniayia, with some Juncus higlumis 
and Equisetum variegatum in a muddy corner. 

The fjellmark developed on acidic rock in more or less exposed situations differs from 
that found on limestone chiefly in the greater abundance of lichens — especially of crus- 
taceous types on the stones — and also of Carex nardina which may be very abundant 
and even co-dominant with the Dryas, From a distance these areas generally look straw- 
coloured, due to the abundance of dead and upstanding leaves of this and other Carices 
and often also of Luzula confusa, while raised areas where there is little or no snow- 
covering in winter are light yellow with Cetraria nivalis. Contrasted with this we have 
even the slightest depressions dark brown with a great abundance ot C. delisei; and often 
associated with it there is some Cassiope (cf. above), so that the community forms a 
transition to the heathy areas to be described next. 

* This photograph shows in the foreground some separate, upgrowing tufts of the Cetraria: such tufts may 
show almost perfectly regular radial growth and become detached and blown before the wind, so constituting 
a kind of arctic ‘tumbleweed’. 
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(c) Cassiope heath 

As on Akpatok Island and most of the less exposed regions of Spitsbergen, a dark 
heathy community dominated by Cassiope tetragona, consolidated by mosses and generally 
including some Dryas, is developed locally in the most favourable situations. But 
although the area is generally small the vegetation is rarely quite continuous all over it; 
the centre may be a closed mat, but towards the outside interruptions by stones and 
patches of uncolonized soil become more and more frequent. As in other high-arctic 
regions such Cassiope heath is developed best of all on sheltered non-limestone areas 
where the snow lies thickly in winter and ‘spring’, but where the southerly aspect allows 
of relatively rapid melting in summer and the slope ensures good drainage. Such was 
the example listed, not far above sea-level at Ny-London and occupying a pocket ending 
a ravine, sheltered on three sides and facing south. It was developed on a secondarily 
weathered morainic deposit such as is frequently found in Spitsbergen, the land of 
glaciers big and small; but although the soil in most places did not effervesce with acid 
it contained occasional limestone fragments and was exactly neutral as tested with my 
B.D.H. pocket capillator. 

Above the surface of the soil, and generally about 3 cm. thick, lay a layer of litter 
and mosses which prevented rapid evaporation; below this the soil was damp, and for 
about 6 cm. dark-coloured and largely devoid of stones, although these were abundant 
below. C. tetragona of rather poor straggly growth was the dominant. It covered almost 
the whole area but never rose more than about 7 cm. above the surface of the cryptogam 
mat, and except where it was thickest was sufficiently open to allow a number of vascular 
plants to grow, the community giving the following considerable list from a 2 m. quadrat ; 


Cassiope tetragona 

v.a.“d. 

Bryophyta : 


Salix polaris 

a. 

Dicranum groenlandicurn 

v.a. 

Dryas octopetala 

f. 

Drepanocladus uncinatus 


Polygonum viviparum 

f. 

Brachythepium albicans 


Saxifraga oppositifolia 

f. 

Rhacomitrium laiiuginoHurn 


Luzula nivalis 

0. 

Cainptothocium nitens 

f. 

Carex misandra 

0. 

Hylocomium alaskanum 


Saxifraga cernua 

o. 

Poly trichum strictum 

r. 

Pedicularis hirsiita 

o. 

Ptilidiiim pulcherrimum 


Pedioularis lanata 

o. 

Odontoschisma inacounii 


Cardamine bellidifolia 

r. 



Oxyria digyna 

r. 

Lichenes : 


Draba alpina 

r. 

Cetraria delisei 

v.a. 

Silene acaulis var. exscapa 

r. 

C. islandica s.l. 

a. 

Saxifraga hieracifolia 

r. 

Ochrolechia frigida 

a. 

Equisetum scirpoides 

r. 

Cetraria nivalis 

f. 

Carex rupestris 

r. 

Cladonia elongata 

f. 

Cerastium alpinum 

v.r. (1) 

C. pyxidata 

o. 

Stellaria longipes 

v.r. (1) 



Coohlearia officinalis var. groenlandioa 

v.r. (1) 




The cryptogams formed an almost continuous investment beneath the Cassiope, mosses 
being more abundant than lichens. Of them Dicranum groenlandicum wsis by far the 
most important species, covering arlmost half of the area and growing up to form luxuriant 
tussocks in places where the Cassiope was not too overwhelmingly dominant. Not far 
away lay a large patch of snow that was probably permanent from summer to summer, 
surrounded by a zoned series of ‘ late-snow ’ communities. 

The Cassiope area itself seemed to be bared of snow relatively late in the summer, 
for its Dryas flowers were only just over on 5 August in 1933; moreover, much of the 
Cassiope does not flower at all but merely creeps along the surface of the cryptogam mat. 
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The community appears to represent the final stage of colonization on moraine areas, 
though under the present conditions succession to this stage can only proceed in espe- 
cially sheltered situations. On the higher edges of the patch where the snow lies less 
deeply in winter and melts earlier each summer, lichens (including some Cetrana nivalis) 
were more abundant and the Cassiope was much more interrupted by Dryas, Silene, 
and other plants which can grow strongly only where the growing season is longer and 
competition from Cassiope less severe. Conditions here, and the attendant vegetation, 
are in many ways comparable with those occurring over considerable areas near the 
summits of the higher mountains of Norwegian Lapland (Polunin, 1936). 

(d) Aquatic and lahi-tnarginal coyrirnmiitie^^ 

The aquatic and marginal communities of the numerous little tarns in exposed areas 
are extremely variable, exhibiting, as on Akpatok Island, drastic changes in the vege- 
tation not only from tarn to tarn but frequently in closely contiguous areas in or around 
the self-same small body of water. To what extent the resulting populations may be 
due to the autogenic activity of early colonists, and thus be dependent upon the manifold 
hazards of effective^ dispersal, is open to conjecture as is the absorbing question of 
whether, with growth so very slow, the local communities will by convergence attain to 
a climatic climax (if such a thing is to be expected) before climatic change has rendered 
them obsolete. Here again I must confess myself sceptical, and inclined to look upon 
each different firea as possessed of vegetationally different potentialities, so slow is 
vegetable turnover and so improbable any physiographic change sufficient to allow 
climatic and edaphic conformity over major areas. 

Most frequently the water lay as little pools only a few decimetres deep even if they 
were many metres in diameter, in depressions in the rock surface scooped out by glaciers. 
The rock showed occasional cracks filled with frost-shattered ])articles, or depressions 
filled with damp soil supporting near the water yarious mosses (usually sterile), and such 
tiny vascular plants as : 

8alix polaris Polygonum \iyiparuni 

Saxifraga oppositifolia Saxifraga aizoides (on limestone) 

Equisetum variegatum? Juncus biglumis 

Around their margins these little tarns, which presumably persisted throughout the 
growing season, were being colonized by more or less pure beds of one or another of the 
following, the species often changing several times along a few metres of the same 
apparently uniform shore: 

(i) Alopecurus alpinus, although this was not common. 

(ii) Eriophorum scheuchzeri (most frequently). 

(iii) Eriophorum. angustifolium var. triste (less frequently) (PI. 8, phot. 6, though this 
is of a peculiar case which will be described below). 

(iv) Colpodium fulvum var. effusum f. depauper alum, chiefly in the more sheltered 
areas. 

(v) Carex saxatilis, again only occasionally, forming a close sward but rarely flowering. 

The grasses were able sometimes to colonize open water directly— where it was very 

shallow. 

Other plants which may occur associated with the marginal beds, or on the almost 
bare stony or polygon areas that lay between them when they were discontinuous, as 
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was frequently the case, were as follows (the frequency degrees are purely relative as 
all the plants were local and merely casual); 


Juncus biglumis a. 

Cardamine pratensis (no flowers) f. 

Equisetum arvenso f. 

E. variegatum f. 

Ranunculus hyperboreus o. 


Cochlearia (seedlings only) r. 

Various grasses including Deschampsia 
alpina up to 35 cm. high (see tuft in 
foreground of PI. 8, phot. 6) 


Tall, coarse tussocks of the Deschampsia are especially characteristic of damp dc 
pressions in exposed situations as in PI. 8, phot. 6. The Ranunculus grows especially well 
in the water, and with the leaves reaching up to and expanding on the surface con- 
stitutes the nearest approach to a ‘floating leaf’ type seen in Spitsbergen. 

Small bodies of standing water were sometimes largely ‘filled’ with aquatic mosses 
such as Calliergon giganteum or marsh-puddle ones such as Drepanocladus revolvens, 
generally encrusted with diatorns and consequently dark brown except near the growing 
points. These mosses frequently formed a continuous investment at the bottom of 
shallow pools, aided by brown gelatinous Cyanophycean colonies and green or yellowish 
filamentous Algae — most often sterile Zygnema sp. or spp. On the beds of the deeper 
tarns in sheltered places there had frequently been formed a reddish brown, crusty deposit 
of dead and partially decomposed algal material bound by living aquatic mosses but 
including living Nostoc spp. and Chroococcus turgidus. In summer, gases are frequently 
liberated within or underneath such deposits as a result presumably of bacterial action, 
and, when the crust holds together sufficiently well, the whole may be buoyed up to or 
near the surface of the water — a most amusing phenomenon which I have noted also in 
other northern lands. The gases are easily liberated on puncturing the buoyed-up sheet 
of brown humous matter with a stick or stone, when great bubbles rise to the surface 
and the deposit sinks slowly to the bottom. 

PI. 8, phot. 6 illustrates another peculiar phenomenon, this time associated with 
freezing, that frequently occurs around small pools — a muddy rampart often raised 
12 or 15 cm. and no wider than it is high. Most frequently — as in the example photo- 
graphed — it was vegetated by pure Eriophorum angustifolium var. triste, while behind 
came barren polygons stretching to typical Dryas fjellmark on exposed limestone terrain. 
Very occasionally the relatively stable, raised muddy intervening tracts of large ‘stone’ 
polygons in damp situations may be vegetated by a ‘line’ (as in PI. 9, phot. 7) of this 
same Eriophorum, whose fruiting axes are seen in addition to leaves of Carex misandra 
and axes of Equisetum variegatum, and where the foreground of the photograph is occupied 
by barren pieces of limestone covering the surface of the dynamic polygon area. 


(e) Marshy areas 

With the frequent drastic changes in topography and vegetation— and often in the 
latter without any apparent reason — marshy areas were of small extent and little im- 
portance around Ny-London. However, in one place in a depression by a stream not far 
behind the huts there was developed a luxuriant and wet, hummocky moss-tundra (as 
opposed to a flat ‘mat’) that seems worthy of note. The surface consisted of small low 
mossy tussocks up to 20 cm. high and 30 cm. wide, and coloured golden brown by the 
dominant moss (at this season). These tussocks were separated by marshy depressions 
of dark humus with frequent Cyanophycean colonies. The underlying soil was also dark 
and humous but effervesced with acid sufficiently to indicate a considerable admixture 
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Phot. T). In fon^n'oinid a sholUnH^i (h'pn'ssioii in wliicli snow (•ollccts and 
lies dnoply in w inter: it is clothed hy SaJix polarl.s and ('ariees, (‘te., with 
ahundant ('draria (/(llsci (p. In l)ack‘i;round is ])oon‘r v(\Lretation with 
light-eolonred lichens w h(‘re Uu're is little or ii ) snow -eovering in winter. 
'Jho narrow' (‘cotone l)etween supports daik (^(tuslopc ietragona which lor 
good grow t h needs to he snow -covered i?i w irdc'r. 



Pilot. 6. Muddy rampart, associated with frost lieaving, marked by dense 
belt of Eriophoruni ampiMifoliinn var. iriMe (pp. ho, !)(>). I he tall, light- 
coloured tussock in the water in fon^ground is ()f alpina. Around 

are barren ‘stone’ polygons (pp. hi, 96). 
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riiot. H. Saxifrtiga aizoidius tussock of rcinarka])k^ solidit y and diinoiisioiis 
st;ale given by matchbox (p. 100). From this ‘cushion’ |)r'otrude knaves of 
Polygonum viviparum. d’o t he right, above, can be s:een a more normal, loose 
tussock of the Saxifraga flowering profusely. 
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of calcium carbonate; its pH was 7-7-5. This area, like several similar ones seen (some- 
times even in exposed places) in different parts of Kongsfjord within easy reach of the 
sea, was frequently visited by northern eiders (Somateria mollissima borealis) and probably 
some geese. The introduction of nitrogenous and other food bodies by these wildfowl 
had had a considerable effect upon the vegetation. The luxuriant mossy tussocks sup- 
ported the following vascular plants : 


Poa arctica? (barren) 

l.v.a. 

Deschampsia alpina 

o. 

Polygonum viviparum 

a. 

Juncus biglumis 

o. 

Ranunculus hyperboreus 

l.a. 

Eriophorum scheuchzeri 

o. 

(in muddy depressions) 


E. angustifolium var. trisU^ 

1. 

Equisetum arvense 

f.-l.a. 

Cardamine pratensis (leaves only) 

1. 

Salix polaris 

f.-l.a. 

Saxifraga aizoides 

r. 

Equisetum scirpoides 

f. 

S. oppositifolia (1 seedling) 

v.r. 


Although a single species jjredominated, the mosses were many and considerably 
mixed, the most notable being the following: 

Orthotheciiim chryseum v.a.-d. DrepanoclacluR intermedins 

Campy liiim stellatum a. Tetraplodon wormskjoldii 

Trichodon oblongus Aulacomnium papillosum 

Aulacomniiim palustre Drepanocladus revolvens 

Camptothecium nitens Calliergon giganteum var. cyclophyllotum 

There was also another unnamed variety of Calliergon giganteum growing in or just 
above the water in the deepest depressions. Lichens were absent from the above luxuriant 
community, but a number of Fungi of various shapes and colours occurred, chiefly 
Agaricaceae, Their growth, like that of most other plants, was noticeably more luxuriant 
than at Ny-Aalesund, being in some instances almost comparable with that observed 
the same year at Longyear (cf. also Dobbs, 1942) and in other parts of Isfjord. 

In some other examples of these nitrophilous mossy marshes there were tussocks 
growing up as much as 40 cm. above the general surface, often coalescing to produce 
raised areas several metres in diameter, having dry tops colonized by lichens where 
they were not too overwhelmingly dominated by Salix polaris or other phanerogams. 
The mosses themselves were most often 15-20 cm. thick above the sqiiishy, brown 
humous core. This was frozen hard at a depth of about 45 cm. beneath the surface of 
the mosses, on whose dry tops occurred in one tract the following less hygrophytic 
vascular plants: 


Salix polaris 

l.v.a. 

Equisetum scirpoides 

r. 

Saxifraga caospitosa 

a. 

Luzula nivalis 

r. 

S. oppositifolia 

l.a. 

Orastiura regelii 

r. 

Polygonum viviparum 

f. 

Cochlearia officinalis var. groenlandica 

r. 

Equisetum arvense 

f. 

(tiny) 


Puccinellia vahliana 

o. 

Saxifraga cernua 

v.r. (1) 

Draba alpina 

r. 

S. rivularis 

v.r. (1) 

Stellaria longipes 

r. 

Juncus biglumis 

v.r. (1) 


The majority of the above species were of poor growth, and it seemed that mosses 
could benefit more than higher plants from the slight increase in food substances, or 
perhaps compete better for them. Aulacomnium pahisire was the chief species here, all 
"the others being far less frequent: 

Aulacomnium palustre v.a. Ceratodon purpureus var. brevifolius 

A. papillosum Timmia arctica 

A. turgidum Philonotis tomentella 

Dioranum groenlandioum Bryum sp. (barren) 

The chief lichen was Ochrolechia frigida, while a few Fungi occurred. Like those from 
limestone areas, these lists show considerable conformity with those taken from similar 
habitats on Akpatok Island in spite of the great difference in geographical position. 

J. Ecol. 33 7 
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5. Vegetation op a ‘bibd’ island 

No major ‘bird-cliffs’ inhabited by great numbers of guillemots or other sea birds were 
noted in the Kongsfjord region, hut the largest of a group of islands (the Lov^noyane) 
near the head of the fjord was visited during seal hunting and found to be the nesting 
place of wildfowl, although largely deserted at that season (early August). These birds 
which nest on the ground prefer such small islands, for here they are safe from foxes. 
The nests in this instance were very numerous and placed close together, often within 
a metre or two of one another. The nitrogenous and other food materials deposited each 
year in the excreta, etc., of the birds had had a most profound effect upon the vege- 
tation, whose luxuriance demonstrated abundantly the usual extreme poorness of the 
soil in this as in other arctic regions (see above, p. 87). Even the exposed rocks on the shore 
were largely covered with such lichens as Physcia muscigena (cf. Lynge, 1938), Collema sp. 
(sterile), and luxuriant Caloplaca ekgans (cf. Akpatok Island), in which the orange colour 
of the Caloplaca predominated. Elsewhere the surface of the island was covered with 
a continuous thick moss mat (see PI. 6, phot. 1, and cf. Akpatok) except on some raised 
areas where there were no nests. Even here the nutrient materials introduced by blown 
feathers and excreta, or left by scavengers, had frequently had some effect, for the 
Dryas community was often closed and included an abundance of Carex rupestris and 
other herbs not usually occurring in such areas. Indeed, there were to be found, as might 
be expected, all stages of gradation from the normal fjellmark and heath series to the 
extreme result of deflexion by manuring which yields a luxuriant moss-herb community 
(cf. Summerhayes & Elton, 19‘28). 

The present moss mat was extremely thick and luxuriant, the feet in places sinking 
many centimetres into its gently undulating rich green or brown surface. It emitted 
a foul odour from the many undecomposed bird droppings that were still lying about. 
The mosses were intricately mixed l)ut the chief species seemed to be as follows : 

(vainptothocium nitens Paludella squarrosa 

C. lutescens Tetraplodon wormskjoldii 

Hylooomium palustre var. julaceum 

They formed a sward too thick and luxuriant and probably too wet to allow many 
lichens to grow, but supported numerous fine clumps of the golden -flowered Saxifrnga 
hirculus and white-flowered S. caespitosa, both in full bloom, and a number of other 
herbs including the following, of which only the Arenaria was flowering, actually very 
profusely : 


Arenaria ciliata subsp. pseudofrigida 

a. 

Festuca rubra var. arenaria 

Cardamine pratensis 

a. 

Poa arctica 

Cochlearia (barren) 

a. 

P. abbreviata 

Ranunculus pygmaeus 
Chrysosplenium altemifolium 

La.* 

Cerastium spp. 

Stellaria longipes 

var. tetrandrum 

1. 


In a region as remote and inhospitable as Spitsbergen the biotic factor is usually of 
little importance considering the area as a whole, especially as man, who has destroyed 
the natural vegetation almost everywhere else in the world, if he goes to Spitsbergen at 
all does so generally only temporarily to mine or to hunt. Thus all except a few very 

* This occurrence of Ranunculus pygmaeus is in conformity with the habitat as described by Scholander 
(1934) lor other part-s of the Spitsbergen Archipelago but is very different from the usual one to which I have 
become accustomed in various other arctic and subarctic lands — see also Bull, Torrey BoU Club, 71, p. 250, 1944. 



Nicholas Polunin 99 

small areas — usually to be measured quite comfortably in square decametres — remain 
to this day without showing the slightest sign of man’s interference, although his advent 
may nevertheless have had a more considerable secondary effect upon the vegetation if 
we remember how greatly he has reduced the numbers of browsing animals (especially 
reindeer) and visiting wildfowl. However, the latter still abound and may have a very 
considerable ameliorating effect upon the vegetation of such areas as they visit at all 
regularly, as has been indicated above, while occasional smaller areas, where they go 
summer after summer to nest, generally come to have the most luxuriant, thick-matted 
vegetation of the whole region. 1 saw no reindeer in Kongsfjord in 1933, but plenty on 
and near the little-visited east coast when crossing the main island quietly alone. 


6. The VE(iErATJ()N of a sheltered fjordhead area 

Towards the head of Kongsfjord, on the north shore between two ‘live’ glaciers which 
(‘ome down to the sea and discharge their material as icebergs breaking from precipitous 
cJiff faces, is a stretch of land about 2i km. long w^hich was indicated by Summerhayes 
& Elton (19‘28) as supporting more advanced vegetation than the rest of the region, 
which except on the exposed ocean coast belonged to their 'Cassiope Zone’. This limited 
tract of ‘Inner Fjord Zone’ I indeed found to be both more luxuriantly vegetated than 
the environs of Ny-Aalesund and Ny-London, and inclusive within its flora of several 
relatively mesothermic plants that were not seen elsewhere in Kongsfjord. Thus, following 
Scholander (1934), has another ‘old-time land-(Tal) botanist’ (as opposed to one who 
makes his ol)servations from a seaplane!) been able to substantiate a further part of 
Summerhayes & Elton’s tentative map ‘showing the zones of climate and vegetation’. 

This area lying in a side bay near the head of the fjord, with glaciers on either side 
and snow-c.apj)ed mountains behind, is almost certainly the warmest and most sheltered 
part of Kongsfjord. Its south-facing slopes rise directly to the 1070 m. high Feiringfjell 
and there are other lofty peaks near by. Unlike most areas within the Cassiope zone, 
where this plant occurred merely in limited tracts in especially favourable localities, 
the gentle, boulder-strewn slopes nearest the sea (PI. 6, phot. 2) were here largely 
covered with an irregular (l)ut generally not quite closed, even between the boulders) 
heath of Cassiope with associated Dryas, Saxifraga oppositifolia, Salix polar is (with some 
S. reticulata) and many Clarices. These last and the frequency of Sphagna (whose tussocks 
were sometimes quite large and aggressive) seemed to indicate the ‘Inner Fjord Zone’, 
although neither the heath nor the limited areas of Sphagna were quite as luxuriant as 
at Adventfjord in Isfjord about 100 km. to the south-east. 

There also occurred, near the shore, areas of thick tussocky ‘moss’ studded with herbs, 
grasses, and variously coloured Fungi (and sometimes with Cladoniae and Cetrariae in 
the drier areas) like that described above from Ny-London but rather more luxuriant 
and extensive. These areas seemed again to depend upon the visits of wildfowl, for their 
grasses were often eaten down and the surface around trampled; but, with the area 
more sheltered and the substratum ‘acidic’, they differed from the Ny-London ones in 
supporting frequent luxuriant red or yellowish patches of Sphagna. These ‘mosses’ were 
generally characterized by an abundance of Salix polaris and were developed only on areas 
that had been kept well supplied with fresh percolating water by the melting of ground- 
ice or of snow on the mountains above. Frequently with such an area in the foreground 
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there was a dark strip of Cassiope heath behind, and above this sheltered ‘ angle ’ an exposed 
ridge of Dryas fjellmark rendered light-coloured by Cetraria nivalis^ etc. The upper part 
of the moss mat may also support Salix polar is, some grasses, Luzulae, Pedicularis hirsuta 
and a little Cassiope tetragona, with around a narrow strip of dark Cassiope heath, 
and above this the ecotone (of almost closed Dryas with Salix polaris, Polygonum vivi- 
parum, and Carices) to Dryas fjellmark as the steeper slope is ascended. In su,ch manner 
are several of the main plant communities of the area frequently to be seen along a 
transect no more than 3 m. long ! 

The vegetation of this most favourable part need not be described at any length, as 
the communities were much like those of the parts of Kongsfjord already treated, except 
that they were almost always more luxuriant (but nevertheless only occasionally and 
very locally closed). However, a few notes may be offered on points of interest. 

In the depressed centre of one area of Cassiope tefragona heath, whose light mineral 
soil, browned by humus, was slightly but distinctly on the acid side of neutrality (about 
pH 6*0), and whose ‘late-snow’ nature was further indicated by the abundance of 
Cetraria delisei and the total absence of C. nivalis as well as of Dryas, a good growth of 
Cassiope hypnoides was found. Later this charming micro-heath was seen actually 
dominating some small areas. It has only very occasionally been found in Spitsbergen 
before (although this may be partly due to its inconspicuous, moss-like habit), and is 
said to be confined to the west coast of the main island; indeed, this appears to be the 
northernmost ‘find’ in the world of this highly interesting and beautiful circumpolar 
species. 

Again, the familiar Tojieldia pusilla, several tussocks of which were found the same 
day in the same most favourable part of Kongsfjord, had previously been recorded in 
Svalbard only from Isfjord, so this would appear to be a new ‘farthest north’ record for 
this very widespread species. The tussocks found in Kongsfjord were hard and compact 
and often 20 or 30 cm. across, consisting of a large number of the «usual tiny rosettes 
pressed closely together- a habit also taken on by the related T , coccinea Richardson in 
its northernmost stations in Arctic America, viz. around lat. 77^^ 45' N. in Greenland, 
and at lat. 74*^ 35' N. on Devon Island. 

A very similar habit was noted in some examples of Saxifraga aizoides growing in 
sheltered areas of damp fjellmark at Ny-London, where the tussocks sometimes ap- 
proached 50 cm. in diameter and were close and hard and flowered but rarely (PI. 9, 
phot. 8). When they did so it was almost equally all around — unlike the similar hard, 
domed tussocks of Silene acaulis vs,!, exscapa which flowered chiefly (sometimes only) 
on the south-facing side, where the flowers so regularly came out first and most abun- 
dantly that the plant constituted an admirable compass (Polunin, 1939, see photograph). 

Much of the Sahx hereabouts has toothed leaves and, writes Mr Wilrnott (in lit.), 
may be /S. herhaceax polaris’. The toothing is generally most marked on luxuriantly 
growing, large-leaved examples in the most favourable habitats. 

In this apparently n;ost temperate as well as sheltered part of Kongsfjord, facing 
south and having the earliest seasons, the Salices already in the first week in August 
were taking on autumn tints ’ (at least in 1933). Except in areas which had only been 
left bare by the malting snow relatively late in the growing season, and whose plants 
had accordingly been checked in resuming full activity and were even in some instances 
still in flower, the leaves of S. polaris had their margin^ yellowing at this time while 
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those of S. reticulata were already a beautiful orange red and ready to drop off when 
jarred. 

Some of the areas of unmelted snow or compacted neve still lying on the lower mountain 
slopes behind were distinctly reddish orange. The cause was not actually examined in 
this place, but instead of the usual ‘red snow’ Algae it may well have been the remains 
of marine Crustacea, etc., dropped by sea birds flying to and from their nests on the 
rocks above (cf. Summerhayes & Elton, 1923). No ‘red snow’ could be found far from 
these nesting sites, which occurred in many places although no typical ‘bird-cliffs’ were 
seen in Kongsfjord. 

For rapid comparison with other regions a list was made of the plants seen during 
a walk of about i km. straight up from the shore to the foot of the mountain behind. 
This rough belt transect, listed in ‘bird’s-eye’ fashion, included again the majority of 
the outstanding habitats of the area, and was as follows; it contrasts significantly with 
the shorter list (in spite of the transect being there about three times as long) made at Ny- 
Aalesund, where conditions are less favourable and the flora and vegetation corre- 
spondingly more reduced. The frequency degrees are again purely relative; they indicate 
the general ‘show’ or impression of abundance or importance made by each species in 
the area transected: 


Cassiope tetragona 

v.a. 

Draba (other spp.) 

0. 

Drj^as octopetala 

v.a. 

Including Draba alpina s.l. 


8alix polaris 

l.v.a. 

D. subcapitata 


Saxifraga oppositifolia 

a. 

D. nivalis 


Carex rupestris 

a. 

Luzula nivalis 

r. 

C. raisandra 

a. 

Cochlearia sp. 

r. 

Polygonum viviparum 

f. 

Puccinellia vah liana 

r. 

Luzida confusa (calcifuge) 

f. 

Arenaria rossii 

r. 

Silene acaulis var. exscapa 

f. 

Stellaria humifusa 

r. 

Salix herl)aoea x polaria? (see text, p. 

\m f. 

Equisetum variegatuin 

r. 

S. reticulata 

l.f. 

Cassiope hypnoides 

r. 

Poa arctica (and apparent hybrids) 

l.f. 

Saxifraga nivalis var. tenuis 

r. 

Ecpiisetuin scirpoides 

o.-f. 

8. atellaris var. comosa 

r. 

K. arvense 

o. 

Cardamine bellidifolia 

r. 

Pedicu laris hirsuta 

o. 

Eriophoruin angustifoliuni var. triste 

E. scheuchzeri 

r. 

Stellaria longipes 

o. 

r. 

J uncus biglumis 

o. 

Cerastium alj)mum 

r. 

Leschainpsia alpina 

o. 

Lycopodium selago 

r. 

Draba Hadnizeusis s.l. 

o. 

Oxyria digyna 

r. 

Carex nardina 

o. 

Phippsia algida (v^ery small) 

P. concinna 

r. 

Saxifraga cernua 

o. 

v.r. 

Arenaria uliginosa 

o. 

Cardamine pratensis (leaves only) 

v.r. 

Saxifraga caespitosa 

o. 

Sagina intermedia 

v.r. (1) 

I’edicularis lanata 

o. 

Saxifraga rivularis 

Arenaria sajanensis 

Lyclinis apetala 

v.r. (1) 
v.r. (1) 
v.r. (1) 

This list, in spite of the small 

area covered- 

—which itself was but incompletely 

searched 


— includes about one-third of the c. 135 species of vascular plants (c. 129 phanerogams) 
known to occur in Spitsbergen. Lichens and mosses were everywhere much in evidence, 
including Cetraria delisei which was perhaps the most abundant plant in the whole area 
and made the vegetation look brown in many places, and C. nivalis which was very 
plentiful on raised prominences. It seems probable that if this area had been pre- 
dominantly of calcareous rock its vegetation would have been markedly less luxuriant 
(cf; Acock, 1940). 

It may have been noted that in the transect listed above, which was stated to include 
the majority of the chief habitats of the area, there was neither mention of salt marshes 
nor inclusion of salt-marsh species. With the small tide range and sheltered situation, 
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and the usual absence of a suitable shore and of waves and spray, little or no shore 
marginal zpnation of vegetation was to be seen, and few exclusively maritime vascular 
plants were observed, except for small reddish beds of Puccinellia phryganodes where 
the shore was muddy enough. Nor was any significant difference noted between the 
vegetation or amount of humus deposited on the lowest slopes near the sea and on those 
occurring farther back, whatever may have been the local oscillations in level in recent 
times (see Walton, 1922; Summerhayes & Elton, 1923; Vogt, 1933). Where local topo- 
graphy allowed, and the shore was not too shingly and dynamic, there Was generally a 
line of mossy tussocks supporting phanerogams to mark the limit of the ordinary neep 
tides, so that the highest spring tides dumped the remains of marine Algae among the 
Dryas and Saxifragae growing there especially Saxifraga caespitosa, and Phippsia algida 
where the situation was lastingly damp enough. The Cassiope generally started about two 
feet above this highest 'drift line’. The shore was in most places shingly and barren, and 
even where there were rocks the fucoids that grew on them were all small and usually 
confined to sheltered crevices — probably due to grinding by ice. It seems likely that, 
where suitable conditions occur, there will be found salt-marsh vegetation of the type 
described by Walton (1922) and Dobbs (1939), though I would expect to find associated 
plen|)iful Stellar id humifusa and C a/rex ursina, which are two of the most characteristic 
and important plants of such habitats in many other parts of Spitsbergen as well as in 
Greenland (Gelting, 1934; Seidenfaden & Sorensen, 1937) and the Canadian Eastern Arctic 
(Polunin, 1940 and MS.), but which appear to have been very little (in the case of the 
Stellana) and not at all (the Carex) in evidence in the vicinity of Cape Napier (Walton, 
1922; Dobbs, 1939; Acock, 1940). The probable explanation why Michelrnore (1934) 
found Carex ursina only once in eastern Svalbard, remarking that 'it is not possible to 
say why [it was]... so local’, is that this species is practically confined to markedly 
saline habitats, whose communities Michelmore lumped with so many others under his 
heading ‘Ordinary Fjaeldrnark’ (^'ic). 

7. Succession on some recently bared areas 

Two examples will now be given of the recolonization of bared areas in the Kongsfjord 
region, since the phenomenon is important for the light it may throw upon the problems 
of succession. The first example had a natural agent of nudation, namely, a receding 
glacier which left morainic deposits in its wake. A belt transect outwards from the 
glacier gave the following results : 

(i) Near its edge the glacier bore frequent conical ‘ drumlins ’ of dark gravelly material. 
These rose generally only a few feet above the surrounding glacier and had ice not 
many centimetres i)eneath their surface, which included much finer soil but was wet 
and cold, and, in all of the places examined, as completely devoid of any recognizable 
macroscopic form of plant life as the surface of the glacier itself. 

(ii) A stream of cold water, joined by frequent tributaries coming from crevasses in 
the ice, ran along the side of the glacier. It, too, appeared to be absolutely barren, 
although streams in other less unfavourable situations generally supported a considerable 
abundance of filamentous green Algae attached to the stones forming their beds. 

(iii) Then came a stretch of unevenly deposited and ill-assorted morainic sand, gravel, 
and boulder material which was also devoid of any macroscopic plants. In spite of the 
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situation near the relatively warm head of the fjord its surface was cold and wet, with 
ice not far below; nor was there any evident stabilization of the surface by diatoms or 
other Algae. Its barrenness in spite of its considerable breadth (at least 100 m.) illus- 
trated drastically the extremely inhospitable nature of the ‘habitat’ for colonization by 
plants; for on the one hand the glacier must presumably have taken at least several 
summers to recede so far, and on the other hand there were plenty of well-vegetated 
areas not far away from which migration could have taken place even if birds are rarely 
seen in such situations and wind is the only agent of transportation normally operative. 
Hence the suggestion is that cold and lack of stability of the surface (cf. Surnmerhayes 
& Elton, 1923) are the chief factors preventing ecesis just here, although in other places 
many vascular plants (including trees in Alaska) grow near to or actually upon glaciers — 
in the latter case of course on the overlying soil. The margins of the glaciers of Spitsbergen 
may recede and advance almost from year to year, but on the whole they seem to be 
receding (according to Dr Hermann Ritter — voce). 

(iv) Next came another and larger stream, and afterwards another stretch of unevenly 
deposited morainic material, having ditches and ridges running in almost all directions 
but mainly down towards the sea. On this area, about 50 m. from the last stream, the 
first plants were found on patches of earth between boulders. They were mosses and 
consisted of very occasional small tufts of Bryuni nitiduhmi (which was fruiting in some 
instances) and other Bryum sp. or spp. which were barren. That these most easily dis- 
persed plants should be the first colonists suggests that dispersal may possibly be the 
master factor inhibiting recolonization, in contradiction to what has been suggested 
above. Certainly the problem is far from settled. As for soil or substrate composition, 
it is thought unlikely that this can be a limiting factor in the recolonization of these 
recent moraines, for the material comes from almost all kinds of rock (though the samples 
tested in this case contained little (’aCOa), and much of it is finely pulverized, while in 
winter sufficient vegetable matter such as dead leaves probal)ly gets blown over the 
snow and on to the surface of the glacier for its deposits to contain an appreciable amount 
of humus. Near these first mosses were some pieces of Cefraria nivalis wliich had pre- 
sumably been blown from neighbouring vegetated areas but had now taken ‘root’ and 
appeared to be flourishing, having squamules up to 6 cm. long that must have been at 
least several years old. 

(v) Just behind these earliest of evident cryptogam colonists (microscopic examina- 
tion would probably have revealed quite numerous unicellular Algae in some places even 
quite near to the glacier) the first angiosperms were met with: these were quite frequent 
seedlings of Saxifraya oppositifoUa and one or two of Draba sp. A few metres farther on 
was a tuft of Saxifraya oppositifolia some 10 cm. in diameter that had flowered earlier 
in the summer. Here the fine-textured, clayey earth in sheltered places behind boulders 
was quite efficiently bound by mosses (chiefly barren Bryum sp. or spp.) with some grey 
lichens and brown ‘jelly’ colonies of Cyanophyceae, although it was so wet as to allow , 
the feet to sink several centimetres into it. 

(vi) Behind this there were signs of visitation by small birds, and angiosperms rapidly 
became more frequent, with Saxifraya appositifoUa (f.) by far the most important. 
Indeed, except for S. caespitosa (r.), which was noted several times (generally as seedlings 
but once or twice in flower), the following associates were found only once each in an 
area of many square metres, although all were of good healthy growth and either in 
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flower or fruit: Lychnis apetala, Poa cf. arctica x pratensis (s.L), Saxifraga cernua; and 
Cochlearia officinalis var. groenlandica, 

(vii) The first area in which vegetation became really noticeable was situated about 
200 m. from the edge of the glacier. A square on about 10 m. was listed as follows: 


Saxifraga oppositifolia 

f. 

Arenaria rubella 

(1) 

S. oaespitosa 

o. 

Carex nardina 

(1) 

Cerastium alpinum 

o. 

Cochlearia officinalis var. groenlandica 

(1) 

Brabae 

o. 

Salix polaris 

(1) 

Including Draba alpina s.l. 


Deschampsia alpina 

(1) 

D. Bubcapitata 


Poa, cf. arctica x pratensis s.l. 

(1) 

D. cinerea and ? hybrids 


Saxifraga cemua 

(1) 

Sagina intermedia 

o. 

Papaver radioatura 

(1) 

Braya purpurascens 

r. 

Sttdlaria longipes 

(1) 

Oxyria digyna 

r. 




Although cryptogams were abundant their growth was so poor that the ground be- 
tween the higher plants looked almost devoid of them. 

This sparse open community passed, with the ever-increasing abundance of Saxifraga 
oppositifolia, to a ‘barrens’ type of area (‘dominated’ by this same Saxifraga mixed 
with Luzula confusa, Sihne acaulis var. exscxipa, Salix polaris, and many cryptogams) 
and finally through a fjellmark area (dominated by Cassiope and Dryas, which appeared 
to enter simultaneously just here, with abundant Carex rupestris) to the scrappy heath 
(dominated chiefly by Cassiope^ Dryas, Salix and Carex species — see above) that covered 
so much of the most favoured part of Kongsfjord. 

Thus, following glacial retreat, plant establishment appears to have been difficult and 
colonization slow in this instance — even in comparison with others that I have observed 
for example in Wijdefjord (northern Spitsbergen) and at Dundas Harbour on Devon 
Island in the Canadian Arctic Archipelago. Such activities, and the ensuing succession, 
depend for their speed (and, I believe, also their course) on a great multiplicity of factors 
both known and unrecognized. 

The second example of a recently bared area had a very different agent of nudation : 
just around the huts of Ny-London man has created new habitats. Perhaps the most 
interesting of these — again because of its bearing on the problems of succession — was a 
long heap of gravelly soil, including many larger stones and some limestone material, on 
which was to have been constructed a miniature railway leading down to the sea from 
a mine. It was said to have been made 18 years previously and was now colonized 
by the following ‘open soil’ and other plants, among which Saxifraga oppositifolia was 
again by far the most important, forming, in the absence of competition, luxuriant 
patches which in some instances attained a diameter of | m. and which in places half 
covered the area : 


Saxifraga oppositifolia 

a.-v.a.d. 

Papaver radicatum 

o. 

Braya purpurascens 

f. 

Dryas octopetala (small tussocks only) 

r. 

Cerastium alpinum 

f. 

Arenaria rubella 

r. 

Drabae 

, f. 

Silene acaulis var. exscapa 

r. 

Including Draba alpina 


Puccinellia vahliana 

r. 

D. fladnizensis s.l. 


Carex nardina 

v.r. (1) 

Lychnis apetala 

0. 

Saxifraga aizoides 

v.r. (1) 

Polygonum viviparum 

0. 

Oxyria dig 3 m[a 

v.r. (1) 

Salix polaris 

0. 


The flowers of ahnost all the plants were over by the first days of August in 1933, the 
area being raised and hence freed from snow early in the summer — if indeed it ever had 
a proper covering even in winter. The small size of the tussocks of Dryas, even relatively 
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to those in more exposed situations, suggested that the growth of this important colonist 
was rather slow. The ground between the higher plant colonists was almost bare of 
cryptogams, few mosses and practically no lichens being evident. 

The sides of the bank, themselves evidently snow-covered in winter and well drained 
in summer, had already a few scraps of Cassiope tetragona, and much more Carex nardina 
as well as some C, misandra. 

There can be little doubt that, although in some 18 (at most 20) years the plants had 
been able to make little more ‘show’ than they would in temperate regions have made 
before the end of the second summer, colonization in this case had been much quicker — 
probably very much quicker than on the moraines described above. On the other hand, 
if we allow for the presence of limestone favouring the somewhat calcicole Dryas and 
especially Saxifraga aizoides at Ny-London and its absence allowing the calcifuge Luzula 
confusa to enter the moraine, the angiosperm colonists in the two cases compare very 
closely, in spite of the difference in soil texture and temperature and in water conditions. 
These colonists are for the most part typical ‘open soil’ plants that flourish only in the 
absence of competition (cf. Polunin, 1939, 1943); they do not appear to be types that 
are especially easily dispersed, unless it be by small birds transporting the seeds — 
a phenomenon concerning whose importance in the Arctic we have, unfortunately, very 
little knowledge. 

8. The flora 

lielow is given a list of all the land plants that have been identified from the material 
which I collected (or in a very few instances only saw) in Kongsfjord in 1933; as has 
already been said this list is probably far from a complete ‘flora’ even as regards the 
phanerogams, while the cryptogam lists are merely fragmentary. 

The vascular plants are named and arranged according to my ‘ Botany of the Canadian 
Eastern Arctic, Part I: Pteridophyta and Spermatophyta ’ (1940), with such occasional 
modifications as are necessary to cover additions and recent nomenclatural changes (cf. 
Polunin, 1943), in which latter instances sufficient of the synonymy is given to guide the 
reader in Arctic botanical literature. For help with their identification I am much indebted 
to Mr A. J. Wilmott of the British Museum (Nat. Hist.). The mosses and few liverworts 
were kindly identified by Mr W. R. Sherrin of the British Museum, the Bryales being 
named and arranged, as far as was found possible, according to the appropriate parts of 
Die natiirlichen Pflanzenfaniilien (2nd ed., vols. 10 and 11, 1924-5), and the Sphagnales 
and Hepaticae being very few indeed. The lichens were identified by the late Prof. Bernt 
Lynge of Oslo; Macrolichens are arranged according to his paper of 1938 in which he 
already published many but not all of my records, and the Microlichens are added as 
far as they were named by Prof. Lynge, whose intended and eagerly awaited paper on 
them appears never to have been completed. The few fresh-water Algae mentioned were 
identified by Mr 6. Tandy of the British Museum. To each one of these gentlemen, as 
well as to Dr J. Ramsbottom, the Keeper of Botany, for the facilities of his Department, 
and to the Christopher Welch Trustees for a grant towards the expenses of my expedi- 
tion, and to the Faculties of Oxford and Yale Universities for leave of absence, my 
sincere thanks are due and warmly offered. The specimens are mostly in the possession 
of the British Museum, though many remain in my own working herbarium and ‘a good 
set of duplicates’ of the lichens is in the Botanical Museum of Oslo (cf. Lynge, 1938). 
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Ptebidophyta 

Equisetiiiii arvenso L. 

E. variegatum Schleich. 

E. scirpoidos Michx. 

Lycopodium aelago L. 

Spermatophyta 
Alopecurus alpinus Sm. 

Deschampsia alpina (L.) Room. & Sehult. 

Phippsia algida (Soland.) R.Br. 

P. algida x concinna 
P. concinna (Erics) Lindeb. 

Poa abbreviata R.Br. 

P. arctica R.Br. and var. vivipara Hook. 

? P. arctica x pratcnsia s.l. 

P. pratcnsia L., s.l. 

P. alpina L. vivipara 

Colpodium fiilvum (Trin.) Griscb. var. cffusnm 
(Lange) Polunin f. depaiipcratum (Nathorst) 
Polunin (Colpodium malmgreni Anders.) 
Puccinellia phryganodes (Trin.) Scribn. & Mer. 

P. vahliana (Liebm.) Scribn. & Mer. 

Eestuca rubra L. var. arenaria (Osbeek) E. Erics 
Eriophorum acheuchzcri Hoppe 
E. angustifolium Honck. var. triste Th. Er. 

Carex nardina E. Erics 
C. maritima Gunn., s.l. 

C. parallela (Laeat.) Sommerf. 

C. ursina Dewey 
C. riipestris All. 

C. misandi*a R.Br. 

C. bigelowii Torrey ex Schweiiu 
C. saxatilis L. 

Luzula nivalis (Laest.) Bcurl. 

L. oonfusa Lindeb. 

Juncus biglumis L. 

Tofieldia pusilla (Michx.) Pcrsoon (T. palustris of 
authors, T. Ixirealis (Wahlcnb.) Wahlenb.) 

Salix reticulata L. 

S. polaris Wahlenb. 

? S. polaris x herbacea L. 

Oxyria digyna (L.) Hill 
Polygonum vivipanirn L. 

Silene acaiilis (L.) Jacq. 

var. cxscapa (All.) DC. 

Lychnis ape tala L. 


Cerastiurn alpinum L., s.l. and inch s.str. 

C. regelii Ostenfeld 
Stellaria longipes Goldie 
S. huraifusa Rottb. 

Arenaria ciliata L. 

subsp. pseudofrigida Ostenf. & Dahl 
A. humifusa Wahlenb.* 

A. rubella (Wahlenb.) Sm. 

A. rossii R.Br. apud Richardson 
A. uliginosa Schleich. apud Lam.f 
A. sajanensis Willd. apud Schlecht. 

Sagina intermedia Eenzl 
Ranunculus hyperboreus Rottb. 

Ranunculus sp. 

R. pygrnaeus Wahlenb. 

Papaver radicaturn Rottb. 

CochJearia officinalis L. var. groenlandica (I...) Gel. 

and var. arctica (Schlecht.) Gel. 

Cardamine bellidifolia L. 

C. pratensis L. 

Draba alpina L., s.l. and inch s.str. 

D. oblongata R.Br. 

1). subcapitata Simmons 
D. fladnizensis Wulfen, s.l. 

D. nivalis Liljebl. 

D. cinerea Adams 

Braya purpurascens (R.Br.) Bunge apud Lodob. 
Saxifraga rivularis L. 

S. cerriua L. 

S. caespitosa L. and f. uniflora (R.Br.) Engler & 
Irmsch. 

S. stellaris L. var. comosa Retz. 

S. hicracifolia Waldst. k Kit. 

S. nivalis L. and var. tenuis Wahlenb. 

S. aizoides L. 

S. hirculus L. 

S. oppositifolia L. 

Chrysosplenium altemifolium L. var. tetrandrurn 
Lund 

Potentilla hyparctica Malte (l\ emarginata Ihirsh 
1814, not Desf. 1804) 

Dryas octopetala T... 

Cassiope tetragona (L.) D. Don 
C. hypnoidcs ( L.) 1 ). Don 
Pedicularis lanata Cham, k Schlecht. 

P. hirsuta L. 


The above list has some glaring gaps which it seems probable could be filled during 
any future summer visit to Kongsfjord. Already, in addition, Resvoll-Holmsen (1927) 
reports Petasifes frigidus Fr, J and Taraxacum hrachyceras Dahlst. from Kongsfjord, while 
Eilif Dahl of Oslo once told me that Dupontia fisheri R.Br. has been observed growing 
in the vicinity of Ny-Aalesund; I seem to have missed Dupontia there, though I have 
made no less than thirty-seven collections of it in other parts of Spitsbergen. Arenarm 
humifusa Wahlenb. is a new find of outstanding interest*. 


Bryophyta: see also Idndberg (1867) and Berggren 
(1875); cf. Arnell (1900) and H. N. Dixon (various 
papers especially in Bryologist) for more recent 
accounts of the mosses of other parts of the main 
island of Spitsbergen, and W. Watson (J. Bot., 
Lond.y 60 , pp. 327-30, 1 922) conceniing livearworts. 

Sphagnum fuscum (Schimp.) Klinggr. 

S. rubellum Wils. 

Triohodon oblongus Lindb. (Ditrichum tenuifolium 
var. oblongum (Lindb.) Hagen) 


Ceratodon purpureus Brid. var. brevifolius Milde 
('anipylopus sp. 

Dicranum groenlandicum Brid. 

1). schisti Lindb. (1). Blyttii of authors) 

Grimmia doniana Sm. 

Rhaoomitrium lanuginosum (Hedw.) Brid. 
Tetraplodon wormskjoldii (Homesin.) Brid. 
Brytim globosum Lindb. var. ruberrimum Dixon 
B. nitidulum Lindb. 

Bryum sp., another (barren) 


* Fide A. J. Wilmott, 1943. New to the flora of Spitsbergen — see Nature, Lond., 162 , p. 451, 1943, and 
cf. Proc. Linn. Soc. Land., J^ssion 154, Pt. 2, p. 118, 1943. 

t Only once before confirmed from any part of the Spitsbergen Archipelago (Scholander, 1934). 
i Confirmed by a specimen in the British Museum labelled ‘Island at the fundus of King's Bay...ooli. 
M. A. Fenton, 1911.' 
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Mniurn oilhorrhynchum (Brid.) Br. & Schimp. 
Aulacomnium palustre (Hedw.) Schwaegr. 

A. papillosum (C. Mull.) Lesq. & James 
A. turgidum (Wahlonb.) Schw'aegr. 

Paludella sqnarrosa (Hedw.) Brid. 

Philonotis tomentella Mol. 

Timmia arctica Kindb. (T. austriaca of authors) 
(^ampylium stellatum (Hedw.) Lange & 0. Jens. 
Drepanocladus uncinatus (Hedw.) Warrist. 

1). revolvens (8w.) Warnst. ’ 

D. internmdius (Lindb.) Warnst. 

Hygrohypnum palustre (Hedw.) Loeske 
var. juiaceum (Br. & Schimp.) Loeske 
Calliergon giganteum (Schimp.) Kindb. 

and var. cyolophyllotum (Ifolz.) Grout 
?Scorpidium scorpioidx^s (Hedw.) Lirnj>r. 
(’amptothecium lutescens (Hedw.) Br-. Schimp. 
Tomenthypnum nitciis (Hedw.) Loc^ske 
(Camptotheeium nitons (Hedw\) Schimp.) 
Braehythecium albicans Br. & Schimp, 

Orthothecium chryseum (Schw'aegr.) Br. k Schimp. 
Hypnum bambergeri Schimp. 

Hylocomium alaskanum (I^esq. & James) Kindi). 
Pogonatum urnigerum (Hedw.) Heaiiv. 
l*olytrichuin alpinum Hedw’, 

P. hyperboreiim 11. Br. 

V. strictum Banks 


Algae. An accident befell all the marine 
gathered in Kongsf jord ; only the following c 

Chroococcus turgidus (Kiitz.) Naeg. 

Nostoc commune Born. & Flab. 


POI.UNIN 

Odontoschism a macounii (Aust.) Under w. 

Ptilidiurn ciliare Hampe 
P. ynilcherrimum (Web.) Hampe 
Marchantia polymorj)ha L. 

Ltchenes: see also Lynge (1038, and earlier papers 
therein cited) 

Collema sp. (sterile) 

Solorina bispora Nyl. 

Cladonia rangiferina (L.) Web. 

C. mitis Sandst. 

C. elongata (Jacq.) Hofl'm. 

C. pyxidata (L.) Fr. 

Stereocaulon sp. ({irobably rivulorum Magnusson) 
Gyrophora sp. 

Cetraria islandica (L.) Ach., s.l., or C. crispa (Ach.) 
Nyl. 

0. delisei (Bory) Th.Fr. 

C. nivalis (L.) Ach. 

C. cucullata (Bell.) Ach. 

Dactylina ramulosa (Hook.) Tuck. 

Alectoria nigricans (Ach.) Nyl. 

Physida muscigcna (Ach.) Nyl. 

1. rf*cidea spp. 
la'canora epibryon Ach. 

Ochrolechia frigida (Sw\) Lynge 
('aloplaca cinnamomea (Th.Fr.) Oliv. 

C. elegans (Link) Th.Fr. 

and most of the fresh-water Algae which I 
an be recorded : 

Nostoc (another s])., sterile) 

Zygnema sp. (sterile) 


Fun(;i. Among the larger and more conspicuous agarics and parasitic forms a fair 
numl)er were collected l)ut, like most of the Algae, they appear to have been lost. Quite 
numerous species occurred; a few of the larger ones, found growing 'on the damp mossy 
flats at Ny-Aalesund’ a few years later and identified in the British Museum, are reported 
by Dobbs (1942). Tlie Micromycetes, on the other hand, are relatively well known from 
the careful examination of lierbarium specimens of vascular plants by the seemingly 
indefetigable Lind (1928), who mentions 8 among the less well represented species as 
having been collected at Kongsfjord, and lists a further 43 as widespread and common 
in West Spitsbergen: these would seem likely to occur in Kongsfjord, whence indeed not 
a few^ are represented in my own collections of vascular plants. 
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REVIEWS 

RECENT PAPERS ON SOILS AND VEGETATION IN CEYLON 

(1) de Rosayro, R. A. (1943). The soils and ecology of the wet evergreen forests of 

Ceylon. I, II. The Tropical Agriculturist {Ceylon), 98, pt. 2, pp. 4- 14; pt. 3, pp. 13-35, 
with plates 1-13. 

(2) Joachim, A. W. R. and S. Kandiah (1943). Studies on Ceylon Soils. XVI. The 

chemical and physical characteristics of the soils of adjacent contrasting vegetation 
formations. The Tropical Agriculturist (Ceylon), 98, pt. 2, pp. 15-30, with plates 1-6. 

(3) Senaratna, J. E. (1943). Patana burning with particular reference to pasturage 

and wet patanas. A preliminary note. The Tropical Agriculturist (Ceylon), 98, pt. 4, 
pp. 3-16, with plates 1-4. 

The general features of Ceylon vegetation as influenced by the diversity of climate and elevation for 
which the Island is conspicuous are well known yet, despite the opportunities offered, very few detailed 
studios of the different plant communities have been undertaken. The papers under review, by members 
of the Ceylon Forestry and Agricultural Departments, are a welcome addition to the literature available. 

( 1 ) In the first part of this pajK^r a general account of the topography and climate of the wet evergreen 
forests is given, followed by a classification of the soil tyjx5S. This is largely based on the author’s earlier 
paper — ‘Soils of the wet zone forests of the Matara, GaUc and Kalutara districts’ — in The Tropical 
Agriculturist, vol. 92 (1939). Seven soil series are recognized, principally according to the distribution, 
size, and frequency of the gravel and stone constituents of the B and C horizons. They are distinguished 
as; 1, Alluvial soils; 11, Residual non-gravelly loams; III, Residual (Chomogenous) gravelly loams, with 
three subserios; IV, Soils with a zonal gravel layer; V, Swamp (clayey) soils; VI, Shallow, truncated 
and bouldery soils; and VII, Fernland (kekilki) soils, characterized by a well-defined raw or acid humus 
layer and associated sjiecifically with the consociation of the fern, Gleichenia linearis, sometimes with 
Imperaia arundinacea , But in the true forest soils also the conclusion is reached (p. II) that ‘the relation- 
ship between these Soil Series, forest communities and the dominant height growth of the tree layer is 
clearly demonstrated. The degree and rate of growth are conditioned more by the physical properties 
of the soil. . .than by the actual analytical composition of the soils, which does not vary appreciably’. 
This can be illustrated by a review of the different vegetation types, which are described in detail in the 
second half of the paper. 

The description of plant communities follows the headings (briefly defined) of ‘ high forest ‘ low jungle ’, 
‘scrub jungle’ and ‘fernland and grassland’. In each case, the ecological status is indicated according 
to Clements’ {J. EcoL 1936) terminology. 

High Forest Communities. I. Dipterocarpus Community, This is the most striking forest type, in 
which the single species, hora (Dipterocarpus zeytamicus*), may form as much as one-half of the entire 
tree layer. More rarely, bu-horu (D. hispidus*) may also occur but this species is less gregarious in habit. 
Near rivers and streams, diya-na (Mesua IhivaiteMi*) becomes prominent and in steeper sites, kataboda 
(Durio zeylanicus). The community is a well-stocked one with a good height growth for the dominant 
of up to 150 ft. Regeneration of hora is good in the seedling stage, but the author notes that advance 
growth and pole stages are usually lacking, probably on account of the closeness of the canopy loading 
to insufficient illumination. The most typical development of this community occurs on the moist, 
well-drained riverain alluvia of series I; it is found also on soils of series II and the better drained sub- 
series (i) of series III. However, there is abundant evidence that in the past the hora community was much 
more exteiisive and that it was, in fact, the true climax for the Wet Evergreen Forest tract as a whole. 
Its subsequent restriction to the moister, more favoured situations is traced to the gradual deterioration 

* Indicates Ceylon endemic species. 
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of soil conditions resulting from shifting (chfjia) cultivation and over -exploitation ; in its present ecological 
status it is therefore to be regarded as a post-clitnax. 

II. Mesua-Doona Community. A second well-defined community is predominantly composed of 
na (Mesua ferrea), diya-na {M. thwaiteMi*), dun (Doona zeylanic/i*), and yakahalu-dun (D. trapezifolia.'^), 
in various combinations. It occurs typically at the higher altitudes between 1.500 and 3000 ft., on steep, 
bouldery slopes with soils of series II or series III, i. Under these conditions it is probably a true 
climax; in the vicinity of water courses a post-climax stage can be recognized in the association between 
diya-na and hora. In the community as a whole, regeneration of the principal species is abundant, 
especially of the Doona spp. The dominant height growth is usually more than 100 ft. 

II (a). The Durio and soft-wooded species faciaiion. A local faciation within the former, practically 
confined to the higher forests of the Adam’s Peak Range and with kaUiboda (Durio zeylunicAis) as the 
predominant species, also Doona congestiflora,*, Myristica dactyloides, and Palaquium petiolare*. 

III. Carnpnos{X3rma and other species Community. Another community of the Adam’s Peak Range, 
with aridda (Campnosperma zeylanicum.'^) representing a little over a half of the total stock. The stocking 
is dense and pole stages are abundant. 'I’he soil belongs to sub -series ii of series III and is commonly 
rather shallow with frequent exposures of slab rock. In view of these conditions, the community is to 
be regarded in part as a sub-climax dependent on the restricted development of the soil profile. An active 
agency in its maintenance at this stage is believed to be a die back associated with an unidentified fungus 
attack at the base of the trees, for which the soil condition is a pre-disposing factor. The dominant height 
growth is restricted to 80-l(X) ft. 

IV. The Vitex-Wormia-Chaetocarpu8-Anisophylla-(Dillenia) Community. A mixed community occur- 
ring throughout the lower altitudes, or below about 7.50 ft. The principal species are milla (Vitex pinnaia), 
diya para (Wormia triquetra*), hedawaka (Chaeiocarpus castanocarpus)^ welipenna (AnisophyUea cinna- 
momoides*)^ and, except in one dLstrict, godapara (Dillejiia retusa*). The dominant height growth is 
poor, usually 75-1 (X) ft. only, and the stocking and general appearance is also inferior to the communities 
previously listed. The usual occurnmce is on soils of Series III, ii and in, and Series IV. On account of 
the general accessibility of these forests, and evidence of past interference, they are to be regarded either 
as a biotically controlled sub-climax, or as a sub-sere successional to the climax Dipferocwpus and Mesua- 
Doona Communities. As with the latter a soft-wooded faciation is also recognizcxl at the higher altitudes. 
This is predominantly charact-erized by Myristica^ dactyloides, badulla (Semexarpus gardneri*), and 
atamba (Mangifera zeylanica*). 

Low Jungle Communities. The most important of these is the Aporosa-Chaetocarpus- Vitex- Aniso- 
phyllm community which occurs on bouldery or exposed sites showing the shallow truncated soils of 
series VI. The height growth usually does not exceed 60 ft. In addition to biotic (human) interference, 
the local condition of severe exposure to monsoonal winds is recognized as a contributory fat* tor in the 
maintenance of this community as a disclimax or faciation of the preceding. Other communities of minor 
status are dominated by the palm, kutu-kitul (Oncosperma fasciculatum.*) and the overgrown shrub, 
galkaranda (Humboldtia laurifolm), respectively. 

Scrub Jungle Communities. These are regarded as the earliest successional stages in the re -coloniza- 
tion of abandoned chena clearings. Initially, the shrubby associes of Hedyotis fruticosa, Melastoma mala- 
bathricum, and Osbeckm aspera is found; later, such tree species as WenUindia notoniana, Macjiranga 
peltaia and Trema orientalis make their appearance and a gradual transition is effected to low jungle. 

Fernland and Grassland Communities. Specifically associated with soils of series VII, characterized 
by a surface layer of raw humus and often,' as a result of desiccation, by a hard layer of ferruginous gravel 
immediately beneath, serving as an effective barrier to the establishment of seedlings. These communi- 
ties are described and illustrated in more detail by Joachim and Kandiah (see below). They are regarded 
as disclimaxes, maintained by periodical firing. 

De Rosayro’s paper ends with a useful Tabular Summary showing the several communities, their 
soils, chief undergrowth species, regeneration, and ecological status, and is illustrated by two maps, 
graphs of rainfall data, twenty- three diagrams of soil profiles and ten photographs. 

* Indicates Ceylon endemic species. 
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(2) Tht? Studios on Coylon Soils by A. R. Joachim and his collaborators have boon appearing 
in The Tropical Agriculturifit since 1935. In this instalment, the problem of the transition, often very 
abrupt, from jungle to the various grassland (or fcrnland) communities adjacent, is considered in relation 
to differences in the soil type. Three such communities are dealt with, namely the wet and dry patanas 
at high elevations, the kekillas of the wet low-country, and the damanas {talawas) or parklands of the 
semi-dry low -country. As far as the first two of those are concerned, de Hosayro’s conclusions are upheld, 
namely that they represent biotic climaxes maintained by firing. Such is also the o|)inion of the, majority 
of workers concerning similar communities in other tropical countries. The jjatrina soils are chiefly 
differentiated by their much lower replaceable base content, greater acidity, and higher water-holding 
cai)acity, moisture equivalent, etc.; these differences are not appreciable in the kekilla soils. Both groups, 
as would be expected, show well-marked surface humus layers, with relatively high carbon/nitrogen 
ratio. These soil characters are regarded as largely derived from the difference in vegetation, in the main- 
tenance of which they are of secondary importance only. In the (jase of the damana vegetation, however, 
the effect of soil differences may be of more primary significance, the damana soils being shallower and 
bearing every evidence of imjieded drainage, associated with considerably high(^r content of exchangeable 
magnesium, as compared with adjacent forest soils. Thus, despite the prolonged dry season, the effect 
of fire in preventing the succession to jungle may be much less pronounced than in the other two com- 
munities considered. 

'fhe paper is illustrated by six plah^s which give a good idea of the contrasting vegetation tyjxis in 
the different climatic regions. 

(3) In J. E. kSenaratna’s paper, the practice of imtnna burning is considered from the point of view 
of soil erosion and of the effect on the quality of the grazing as determined by the stage in the succession. 
Limited ex^xirimental observations on the Bopatalawa patanas at 5000 ft. elevation (rainfall 104 in.) 
indicate that burning well in advance of the heavy rains has no deleterious effect on soil erosion. The 
cliief value of the ])at>er lies in its full discussion of the principles iinderlying the practice of veld burning 
in 8. Africa and in its tentative re('ognition of stages in grassland succ*ession in Ceylon analogous with 
those of the former country. These arc as follows, viz.: (u) Aristida spp. dominant (confined to the dry 
zone and not represented on the paUmas), (h) Themexia tremuJxij Chrysopogon zeylanicus, Arundinella spp., 
Ischaemtim spp., etc. dominant; (c) the mam/-grass stage, dominated by Cyrnbopogon confertijiorus. 
It is stage (b) that provides yialatablc grazing, whereas the later stage (c) is of very little value. The 
beneficial effect of firing is to arrest the succession in the earlier, useful stage. 

In the past much theorizing has been indulged in to account for the origin of the Ceylon patanas (see 
Pearson, in J. Linn. Soc. 34, 1899), and it is to Ik* ho])ed that this sliort paper v ill be the forerunner 
of detailed ecological investigations n hen4)y the successional develoynnent of this fascinating and exten- 
sive vegetation type may be fully worked out. 


T. K. T. BOND 

TEA RESEARCH INSTITUTE OF CEYLON 
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Fritsch, F. E. The Structure and Reproduction of the Algae. Vol. ii. 939 pp., Frontis- 
piece, 336 figs, and 2 maps; Cambridge University Press. 

This second volume marks the completion of Prof. Fritsch’s work on the algsie. It deals with the Phaeo- 
phyoeae, Rhodophyceae and Myxophyceae, and is therefore to a much larger extent concerned with 
marine forms and also with forms of more specialized types somewhat more remote from the main, channels 
of plant development. Nevertheless, Prof. Fritsch is able to demonstrate a general tendency in these 
groups also to show possible serial relationships with heterotriohous origins as is markedly the case in 
green and yellow-green algae. As the book deals primarily with structural and reproductive peculiarities 
of the algae, a review of the contents might be regarded as somewhat out of place in this Journal. The 
complete work is, however, of such botanical importance that it ought certainly to be noticed in these 
pages. Its completeness of reference is such that it must long remain the necessary work of reference on 
the subject, and the integration achieved by the author among the multitudinous details of algal life 
history is alone sufficient to make it a noteworthy scientific performance. 

In both plants and animals there is constantly evident a tendency for the simpler forms to show a much 
closer relationship between their life cycles and the habitat conditions than is evident among more 
advanced organisms. The algae are particularly of interest from this point of view, as there is clear 
evidence that their reproductive cycles are often determined wholly or in part by varying habitat condi- 
tions, as, for example, in the simpler Phaeophyceae. Thus the study of their reproduction can hardly be 
adequate unless it also includes detailed reference to the habitat conditions. Not the least of the services 
rendered by this book is the collection of references to the ecology of algae, particularly of the marine 
forms. Indeed, in order to avoid repetition, a preliminary chapter is devoted to such features* as seasonal 
occurrence, geographical distribution and the distinctions between the subaqueous habitats in fresh -water 
and marine conditions. Considerable emphasis is placed on the exposure characteristic of marine types of 
littoral zonation, a feature lacking on fresh -water shores. The effects of light and its absorption, chromatic 
adaptation and sun and shade forms are all dealt with separately under the groups. It is probably correct 
to emphasize this distinction on British coasts with a large tidal range. We might anticipate that the 
effects of water movement and of exposure will predominate as ecological factors, whereas in subtropical 
and enclosed seas the light conditions are doubtless of prime importance. Enough has been said, j)erhap8, 
of the contents to indicate that this volume is not without ecological interest. Certainly, it is a valuable 
summary of much of the available information. W. H. P. 


Rayner, M. C. and Neilson- Jones, W. Problems in tree nutrition, Pp. 1§4, 27 Plates, 
11 figs. London: Faber and Faber, Ltd. 

This book consists of the series of jmpers on the mycorrhizal relations of trees (particularly of Finus) that 
originally appeared in Forestry and the Journal of Agricultural Science between 1936 and 1942. The original 
papers are given without material alteration. Three things may, therefore, be said about it. 

First, as these papers have already been reviewed at some length in this Journal ( 31 , 41, 1943), no 
further reference to their subject-matter is necessary. In the second place, it will undoubtedly be a very 
great convenience for ecologists, for foresters and for botanists in general to have the papers in this 
compact form without the need to search for them in the separate volumes of the original journal. Lastly, 
however, one must doubt whether the form most suitable for original publication is equally acceptable 
when the papers are grouped in book form. It is inevitable that they appear to lack integration, and the 
original form is rarely that which will have its appeal to the widest class of reader. Nevertheless, 
ecologists, in particular, will find this volume to be of great convenience, and from this point of view the 
enterprise of the publishers is to be commended. W. H. P. 
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THE JOURNAL OF ANIMAL ECOLOGY 
VoL. 13, No. 1, May 1944 

The supply of paper and increased cost of printing, rather than any shortage of original contributions 
continue to limit the size of the Journal. Indeed, the steady flow of research work on animal ecology 
during the war has been a surprise to the editors. It suggests that there will be a notable expansion 
of activity when normal conditions are established; and that a considerable increase in circulation of 
the Journal will be needed to meet the cost of publishing even the pick of this w^ork. 

The i)reBent number contains the Society’s important report (prepared by a Committee under the 
(chairmanship of Prof. A. G. Tansley) on ‘Nature conservation and nature reserves’, which has already 
l)oen printed in the J ournal of Ecology ; four original paj)er8 ; two book reviews ; 107 ‘ Notices of Publica- 
tions on the animal ecology of the British Isles’, prepared as usual by a voluntary group, at present 
of eight people; and the Society’s accounts for 1943. 

J. Davidson, of the Waite Agricultural Institute in South Australia, analyses the growth rates at 
difi'erent temperatures of various life stages of flies and a moth (from the published experiments of other 
workers) and shows that they are adequately fitted by a sfiecial form (jf Pearl and Reed’s logistic curve. 
He also discusses the formulae that had been previously proposed for the vsamo purjK)se. F. L. Vander- 
plank described experiments in the bush in Tanganyika, to find out the preferences of the tsetse-fly 
OloHsimi paljHilis for different mammalian hosts, such as domestic animals, lions, baboons, porcupines, etc. 
The order of preference empirically determined bore, on the whole, little relation to the taxonomic position 
(jf the animals: man came low' on the list (though not quite at the bottom), so that the presence of alter- 
native ‘baits’ may be important in assisting his partial immunity. 

James Fisher and H. G. Vevers present the sec^ond and concluding part of their monogranh on popula- 
tions of the North Atlantic gannet {SuUi Ixissajia), w ith a summary of regional and total trends in numbers, 
showing decrease from 1834 to 1894, and subsequent increase and spread up to the present figure, 
estimated at 1 65,600 ±95<K) in 1939. Most of this cycle can be explained by changes in the intensity of 
human exploitation. The authors suggest that numbers will go on increasing with the protection that is 
now given to most of the breeding colonies. I’hey give evidence that small (*olonies have low' breeding 
rat/cs. 

K. Radw ay Allen gives the fourth section of his very thorough study of the early stages of the salmon 
(Salmo salar)y with a detailed description of smolt migration in a river in Caithness. Although waves of 
movement occurred in the population, there was mu(*h individual variability in activity. Migration 
depends on age and grow'th (mostly at two years old), and such factors eis water rising and temperature. 

There are review's of l^ack’s population study of the British robin; and of Soper and Wilson’s mono- 
graphic account of the introduction of the African malaria -carrier .4 garnhiae into Brazil and its 
subsequent elimination by control measures. 

CUAULES ELTON 


J. Kool. 33 
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Beard, J. S. Climax vegetation in Tropical America. Ecology, 25, 127, 1944. 

Chapman, V. J. A study of the botanical processes concerned in the development of the Jamaican shore-line. 
J. Linn. Soc. (BoL), 62, 407, 1944. 

Chapman, V. J. A study of the environment of Avicennia nitida Jaoq. in Jamaica. /. Linn, Soc. (Boi.), 52, 
448, 1944. 
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BRITISH ECOLOGICAL SOCIETY 

SYMPOSIUM ON ‘THE ECOLOGY OF CLOSELY ALLIED SPECIES’ 

The Society met in the rooms of the Linnean Society, Burlington House, TiOndon, on Tuesday, 21 March 
1944, the President taking the chair at J().30 a.m. Some sixty members and guests were present. The 
symposium centred about Gause’s contention (1934) that two species with similar ecology cannot live 
together in the same place, and the bearing of this, if true, on the origin and persistence of species. 
A distinct cleavage of opinion revealed itself on the question of the validity of Gause’s concept. Of the 
main speakers, Mr Lack, Mr Elton and Dr Varley supported the postulate. Mr Lack argued that, at 
least in birds, geographical isolation seems an essential precursor to sjxicies formation and that if, later, 
two geographical races meet they may be? genetically intersterilo and will inevitably (compete, with varying 
results; .(i) elimination of one by the other, (ii) elimination of one at the point of overlap, but its survival 
over jmrts of its range where it is the better adapted, and so geographical replacement, (iii) habitat 
replacement due to adaptation to different zones of the ancestral habitat, or (iv) co-survival resulting 
from divergence in food preferences. It is probably only those geiographical forms which have acquired 
some degree of ecological differentiation which are capable of persisting in the same area should they 
later meet. Ho sup]K)rtcd his argument by reference to three groups of passerine birds, namely Mayr’s 
cases of passerines on remote islands, the British breeding spt^cies, and the finches of the Galapagos, and 
suggested that further examples were to be found among other animal groups. 

Mr Elton presented an analysis of the a])ecic8 lists from some fifty ecological surveys of a variety of 
haliitats. These showed a very high pro])ortion of genera retiresented by single specues. Figures culled 
from the literature on plant communities suggest similar sjxHues relationships among plants. Moreover 
when two sptH’ies of a genus do otH-ur together they often prove to lie different ecoty])e8. There is also 
evidence, as, for example, the grey and red squirrels in Britain, that the introduction of an extra congeneric 
s|X'!cie8 from outside the communitv may only be successful at the expense of the native sjiecies. Dr 
Varley^ accepting the Gausian concept, argued that the outcome of the competition between two 
closely allied species defends on the differences between thcni and on the severity of the different kinds 
of mortality. Mortality factors may be non-density dejx>ndent; e.g. the physical environment, or density 
dc‘]xmdent, i.e. compfdition for food and space, or destruction by predators or parasites. Together the 
mortality factors must destroy the surplus population. If other ty]x^8 of mortality are insufficient the 
|)Ojnilation density will rise until some density de}x?ndcnt factor stabilizes the population density at a 
higher level. As mortality factors are the agents of Natural Selection, any change in the relative severity 
of their action will change the direction of evolution. The geographical replacement of clopely allied 
S]H>(;ies with similar food w^ould be exptx^ted in continental areas, where physical factors or predators are 
predominant. In the absence of these fac^tors tw^) closely allied species will compete for the same food, 
and one will eliminate the other unless it will take food w hich the other rejects. Modified fee^ding habits 
will lie favoured and will lead to adaptive radiation, as has happened among the cichlid fishes of the 
African Lakes (Worthington) and the Galapagos finches where predators are absent. In plants competitive 
factors may lead to pure communities, as in Mesembryanthejnum and BracJiypodinm pinnatum. Go- 
dominance presents a difficult problem. In chalk pastures with many co-dominants the selective advan- 
tage for rapid growth may be balanced by selection by herbivores for stunted types. 

Dr Blackman presented an analysis of Harland and Martini’s experiments in which eleven varieties of 
barley were mixed and grown under a variety of conditions, random samples of the harvested grain being 
sown in successive seasons up to a maximum of eleven years. Finally, the numerical proportions showed 
marked changes, leading in various instances to suppression or dominance of one or other, or to co- 
doniinanoe of two or more varieties. Arguing that varietal differences within a species may reflect inter- 
specific differences of ecological requirements — about which critical data are lacking it was suggested 
that these results indicate that competition between two species of similar ecology may or may not 
result in the suppression of one by the other, the final balance depending on the conditions within the 
habitat. 
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Capt. Dwer made a vigorous attack on Gauge’s concept, on the grounds that the mathematical and 
experimental approaches had been dangerously oversimplified and omitted consideration of many factors 
of which the importance varied among difterent organisms. Those included sources of energy and their 
relative availability, predator attack, mobility, population structure and growth, individual growth- 
rate and bulk, relation of life cycle to annual cycle, range of tolerance, means of dispersal, and the like. 
Pointing out the difficulty of defining ‘ similar ecology ’ he gave examples of many congeneric species of 
both plants and animals apparently living and feeding together. He concluded that there was little direct 
evidence that co-habitation or separation of related species was determined by competition for space and 
food, since other factors usually kept populations below the point at which serious pressure was develo|^ed. 
Mr Spooner developed a similar argument, using examples from among the British wasps and bees, 
where populations are so restricted by the physical conditions that interspecific competition for either 
food or nesting sites rarely if ever becomes a limiting factor. 

A lively discussion followed to which contributions were made by Mr Rose, Dr Butcher, Mr Lavender, 
Dr Thorpe, Miss Moore, Mr Goodall, Prof. Hale Carpenter, Prof. J. B. S. Haldane, Dr O. W. Richards, 
Dr Cragg, Dr Jones, Dr Uvarov, and Dr Clapham. The arguments pro and contra were fairly evenly 
balanced. Instances of mutually exclusive congeneric species included the diskins section of Carex, 
the pimpinelloides section of Oenanthe, species of Lirnonium; while genera with species living together 
included Drosera, Betula, Orchis, Ranunculus, Cimex, Drosophila, Pseudarcaea (in Uganda), downland 
grasses, Limnuea, Asellus and others. Points made included: that in running water corai^etition is charac- 
teristically between organism and physical environment rather than interspecific (Dr Butcher); that 
habitat preferences are often genetically fixed and may result in, and not from, geographical isolation 
(Dr Thorpe); while Prof. Haldane referred to the unseen competition of one species acting as a carrier 
of a parasite fatal to another, and to the need for research on the history of diseases of closely related 
species. 

Those interested in the subject of the 8ym|308ium may care to refer to two pajK^rs relating to it, which 
have been prepared by sj)eaker8 who took part in the discussion. Mr Lack’s paper has been published 
in the July number of Ibis, while Mr Elton’s will be published in a forthcoming number of the ./. A nimal 
EcolxKjy, 


L. A. HARVEY 



[ 117 ] 


BIOLOGICAL FLORA OF THE BRITISH ISLES 

L.C. (Ed. 11) Nos. 1659-1675 
POLYGONUM L. eni. Gaertn. 

N. W. SiMMONDS 

There are 14-16 British species grouped in four sections: 

1. Bistorta. Perennial, rhizomatous. Ocreae truncate. Raceme solitary. Stamens 8, 
styles 3, nut triquetrous. Basic chromosome number = 11. P. bistorta L., P. viviparum L. 

2. Persigaria. Annual (P. amphibium. is perennial). Leaves often with a blackish 
blotch, ocreae truncate. Racemes 1 -many. Stamens 4-8, styles 2-3, nut trigonous or 
compressed. Basic chromosome numbers = 10 and 11. P. amphibium L., PJnpathifolnim h,, 
P. peteclicale (Stokes) Druce (P. maculatAirn Trimen & Dyer, P. nodosum Pers. etc.), 
P. persicaria L., P. hydropiper L., P. minus Huds., P. mite Schk. (P. laxiforum Weihe). 

3. Avicularta (Centinode). Annual (P. maritirnum is perennial). Ocreae silvery, 
bilobed. Flowers axillary, solitary or fascicled, stamens 8, styles 3, nut triquetrous. 
Basic chromosome number = 10. P. aequale Lindm., P. heterophyllum, Lindm., P. calcatum 
Lindm., P. raii Bab., P. maritimum L. 

4. Tiniaria. Annual, usually twining. Leaves cordate or sagittate, ocreae truncate. 
Flowers in racemose clusters, stamens 8, styles 3, nut tri(|uetrous. Basic chromosome 
number =10. P. convolvulus L., P. dumetorum L. 

The following are recorded as naturalized aliens: 

P. polystachyum Wallich. (Himalaya). (Sect. Aconooonon Meisn.) 

P. sagittatum L. (North America). (Sect. Echinogattlon Meisn.) 

P. cuspidatmn Sieb. & Zucc. (P. sieboldii De V.) (Japan) and /^ sachalinense Schmidt 
(Sachalin). (Sect. Pleuropterus B. & H.) 

Most of the species are rather variable and some are plastic, e.g. P. amphibium, P. 
lapathifolium (Danser, 1921). The members of the sect. Persicaria, with the exception 
of P. amphibium, and the aeqimle-heterophyllum-cah^^^^ complex (P. aviculare L.), are 
critical, and hybrids within these two groups are said to be frequent. The ocrea is a very 
characteristic vegetative feature. 

Cytology, The basic chromosome numbers given in the synopsis of the sections above 
are taken from Jaretsky (1928, pp. 479-80). Polyploidy is frequent. 

Habit, All the species are herbaceous, but habit and branching vary considerably, 
often within one species. P. convolvulus and P. dumetorum are twining plants; P. bistorta 
and P. viviparum have erect, unbranched stems. Members of the section Avicularia are 
generally more or less straggling and prostrate, though often with some ascending 
branches, while those of the section Persicaria are commonly erect and branched, though 
some species may be found unbranched or prostrate. In the latter case, adventitious roots 
may occur at the nodes; they may also occur where, as frequently happens, the base of 
an erect stem is procumbent. 

Of the aliens, P. cuspidatum, P. sachalinense and P. polystachyum have tall, little- 
branched stems spreading by rhizomes, while P. sagittatum is a straggling annual. 
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Duration, life-form. P. waritimurn is a hemicryptophyte, P. historta a rhizome hemi- 
cryptophyte, P. viviparum a geophyte and P. amphibium may be a hydrophyte or hemi- 
cryptophyte. The rest are annuals (therophytes), though P. raii may be biennial. Of the 
aliens, P. sagittaturn is a therophyte and the rest are rhizome geophytes. 

Flowers. The flowers are small, sessile or subsessile and massed in spike-like racemes 
(except in section Avicularia, where they are solitary or fascicled in the leaf axils). The 
perianth is red, pink, white or greenish ; nectar may be secreted. 

Pollination is by insects in the protandrous P. historta ; entomophily may also occur in 
P. persicaria and P. lapathifoliuni, but automatic self-pollination occurs here by the 
incurving of certain stamens on to the stigma. The flowers of P. minus are more constantly 
selfed than those of the last two species, while self-pollination is habitual in P. aviculare 
agg. (Knuth, Poll. 3, 341-9). It may be noted that Fagopyrum esculentum Moench 
(which has often been included in Polygonum) is heterostyled. Thus there is a considerable 
range of behaviour in respect of floral biology. 

Ecology. Various. P. raii and P. mmitimum are plants of the sea coast; P. viviparum 
is alpine; P. historta occurs in meadows, etc.; P. amphibium grows in or by ponds, ditches, 
etc., and the rest are plants of open habitats almost always associated with disturbance 
and cultivation. Members of the section Persicaria tend to occur in damp habitats. 

Geographical distribution is, in general, through temperate and north Europe, Asia 
and America, though some of the weed species have spread greatly and become almost 
cosmopolitan in distribution. 

REFERENCES 

Danser, B. H. (1921). Contribution a la systematique du Polygonum kipathifolium. Pec. trav. hot. neerl. 

18, 125-210. 

Jaretsky, R. (1928). HistologiBche und karyologische Studien an Polygonaceen. Jb. wiss. Hoi. 69, 357-490. 

INSECTS AND FUNGI ASSOCIATED WITH POLYGONVM 
INSECTS (O. W. Richards) 

Since a number of records do not distinguish the speciejj of Polygonum and others 
suggest that many of the insects are attached to several, it has been thought best to deal 
with the genus as a whole. Only insects closely attached to Polygonum are included and 
continental records of the food habits of British insects have been used where necessary. 
Where no species of Polygonum is mentioned, the records refer to the genus; the species 
of Polygonum are abbreviated as follows: P. amphibium L., am.\ P. aviculare L., av.; 
P. historta L., h.\ P. convolvulus L., c.; P. hydropiper L., A.; P. lapathifolium L., 1.; 
P. pefecficale (Stokes) Druce (P. nodosum Pers., P. maculatum Trimen & Dyer, etc.), pc.\ 
P. persicaria \j., pr. 

HEMIPTERA-HOMOPTERA 

Aphididae: Capitophorus hippophaes (Walk.), in winter on Hippophae rhamnoides, in 
summer on Polygonum (h., 1.). C. gillettei Theobald has the same habits as the preceding, 
from which it may not be distinct. C. ribis (L.), in winter on Ribes, in summer on various 
labiates {Lamium, Galeopsis and Stachys) and, according to some workers, Polygonum 
(pr., A., 1). Aspidaphis adjurans (Walk.), on av. and Lycopsis arvensis (Laing, 1921). 
Aphis (Doralis) neopolygoni Theob. on Polygonum sp., pc. and on Fagopyrum. Myzus 
polygoni (Buckt.), pr. 

Psyllidae: Aphalara calthae (L.), av., am., h., and Rumex acetosella. 
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COLEOPTERA 

Chrysomelidae : Gastroidea viridula (Deg.), and G. polygoni (L.) widespread on Rumex 
and Polygonum. Chaetocnema concinna (Marsh.), adult common and widespread, chiefly 
on Polygonum. Mantura rustica (L.), larva in blotch in leaves, av. 

CuRCULiONiDAE : Rhinoncus perpendicularis (Reich.), am., local but widespread. Rh. 
hruchoides (Hbst.), England south to Lines. Rh. inconspectus (Hbst.-), widespread but 
very local. Phytobius quadrinodosus (Gyll.), am., south England, rare. Ph. quadricornis 
(Gyll.)> widespread but rare. Ph. waltoni Boh., h., south England, very local. Apion 
difforme Germ., south England to Norfolk, local, pr. (O.W.R.). 

DIPTERA 

Cecidomyidae : Dasyneura persicariae (L.), am., pr., ? av., larvae either deform flowers, 
or, more commonly, roll in the leaf margins which are reddened and swollen. D. bistortae 
(KieflF.), b., pr. (Bagnall & Harrison, 1921). 

Muscidae: Pegomyia nigritarsis (Zett.) and P. bicolor (Wied.), larvae in blotch in leaf 
of Rumex and Polygonum, former chiefly on Rumex, latter chiefly on Polygonum (Hering, 
1937). Both species are common, at least in south England. P. setaria (Meig.) mines 
leaves of c., at least on Continent (Karl, 1928). 

HYMENOPTERA 

Tenthredinidae : Protemphytus jierla (King), pr., apparently widespread. Ametastegia 
equiseti (Fallen), chiefly on Polygonaceae, pr. A. g^abrata (Fallen), chiefly on Poly- 
gonaceae, am., b., h., pr. The last two species are common, at least in England. 

LEPIDOPTERA 

Noctuidae: Hadena {Dipterygia) scabrmscuki (L.), Polygoyium and Rumex, England, 
rare in the north. 

Heliodinidae: Augasmn aeratellum (Zell.), larva in galls among flowers or in distal 
parts of stem, petioles, etc., av., 1., south-east England, local. 

Gracilariidae : Gracilaria phasianipennella (Hb.), //., pr. and Rumex, rareljy^ Lysimachia 
or Lythrum, larva at first in mine, then in rolled strips of leaves, widespread but local. 

In preparing the above lists, valuable assistance has been given by Dr H. F. Barnes, 
Mr R. B. Benson, Mr W. E. China, Mr C. T. Gimingham and Dr G. D. Morison. 

REFERENCES 

Bagnall, R. S. & Harrison, J. W. H. (1921). New British Cecidomyidae. I. Ent. Rer. 33. 151-5. 

Hering, M. (1937). Die Blalt-Minen Mittel- and Nord-Eunrpas. Lief. 4. Neu-Brandenburg. 

Joy, N. H. (1932). A Practical Handbook of British Beeiles. London. 

Laing, F. (1921). On various genera of British Aphides. Ent. Mon. Macf. 57, 118-27. 

Also: Edwards, Hem.- Bom.; Meyrick, Lepidopt.; Theobald, Aphid. 1 and 2. 

NEMATODES (A. Smith) 

It has proved impossible to disentangle British records from World host records, 
AnguiUulina dipsad (Kiihn) Gerv. & V. Ben. has been recorded on P. amculare, P. con- 
volvulus, P. lapathifolium, P. persicaria. AnguiUulina pratensis (de Man) Goflfart has 
been noted on P. aviculare, Heterodera schachtii Schmidt on P. amculare and P. lapathi- 
folium. These and the preceding are British records. Heterodera marioni (Cornu) Goodey 



120 Polygonum L. em. Gaertn. 

has also been recorded on various species but presumably in warmer countries, though it 
might appear on greenhouse weeds in the British Isles. 

Dr O. W. Richards gives the following record: Tylenchus devastatrix Kiihn. on 
P. convolvulus, causing a shortening and thickening of internodes, swelling and torsion of 
stem and often hypertrophy of leaves. (Houard, 1, 385.) 

FUNGI (A. Smith) 

PHYCOMYCETES 

Peeonosporales : Peronospora polygoni Thiini. on P. convolvulus and P. aviculare. 
ASCOMYCETES 

Pezizales : Phialea scutula Gill, var. fucata Phill. on Polygonum, sp. 

Erysiphales : Erysiphe polygoni DC. occurs on many hosts but is abundant on P. aviculare. 
Sphaeriales: Gnomoniella devexa Sacc. on Polygonum sp. Ceriosporella polygoni 
A. L. Srn. & Ramsb. on Polygonum sp. Sligmatea polygonorurn (Fr.) Fr. on Polygonum sp. 

BASIDIOMYCETES 

UsTiLAGXNALEs : Sphocclotheca hydropiperis (Schum.) de Bary on P. hydropiper and 
other spp. U stilago histortarum (DC.) Koern. on P. historta and P. viviparum. A specimen 
of this last fungus on P. petecticale, Simmonds states, is in the Marshall Herbarium in 
the Botany School, Cambridge. Plowright gives as hosts P. lapathifolium, P. persicaria, 
P. convolvulus and P. hydropiper and Massee adds P. aviculare. It is uncertain, however, 
how far these records apply to material of British origin. It was recorded in Norfolk on 
P. hydropiper in 1934. 

Uredinales; Uromyces polygoni-avicularis (Pers.) Ramsb. on P. aviculare. Puccinia 
polygoni-amphibii Pers. on P. lapathifolium and P. amphihium. Puccinia polygoni- 
convolvuli DC. on P. convolvulus. Puccinia conopodii-lnstortae Kleb. on P. bistarta. 
Puccinia polygoni-vivipari Karst, on P. viviparum. Puccinia septentrionalis Juel. on 
P. viviparum and by inoculation on to P. bislorta. 

FUNGI IMPERFECTI 

Hyphomycetes : Ovularia bistortae (Fuckel) Sacc. on P. bistoria. Bostrichonema alpestre 
Ces. on Polygonum sp. 

CoELOMYCETES : Phyllosticta polygonorurn Sacc. on P. persicaria. Phoma polygonorurn 
Cooke on P. cuspidatum. Phomopsis polygonorurn, Grove on P. baldschuanicum and 
P. cuspidatum. Cytospora polygoni-sieboldii Henn. on P. sachalinense. Ainphorula sacha- 
linensis Grove on P. sachalinense. Septoria polygonorurn Desm. var. persicariae Trial 
and S. polygonicola Sacc. do not appear to be more than variants. Myxospmriurn polygoni 
Grove on P. sachalinense. 

Few of the above fungi appear to have any ecological significance. Sphacelotheca 
hydropiperis can frequently render patches of P. hydropiper almost entirely sterile; the 
plant, however, appears to be as frequent as ever in the following season. On P. persicaria 
as a field weed, Septoria polygonorurn may cause a good deal of premature leaf-scorching, 
which however does not appear to cripple the host. 

The above list has been compiled from the usual sources (see J. Ecol. 32, 117, 1944), 
together with : 

Wilson, M. (1934). The distribution of the Uredineae in Scotland. Trans. Bot. Soe. Eiinh. 31, 345-449. 
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Polygonum persicaria L. 

N. W. SiMMONDS 

Sect. Persicaria. Stem erect, ascending, decumbent or prostrate, sometimes rooting 
at the lower nodes, branched or not, 3-80, usually about 30 cm. in height. Nodes vswollen 
or not, often with a red sub-ocreal ring. Ocreae tight, with appressed hairs, ^he margins 
ciliate. Leaves very variable in size and shape, usually blotched with brownish red and 
petioled, the surfaces with scattered hairs, not tornentose. Inflorescences 1 to many, 
the peduncles glabrous or hairy, rarely with a few glands. Racemes dense, very variable 
in size and shape. Perianth red or pink, rarely white, glabrous or with a few glands. 
Styles 2 or 3, united to half way. Fruit blackish brown, trigonous or compressed, but 
not biconcave, about 2*5 x 2*0 mm., equal to or longer than the perianth. 

An extremely variable species best characterized by the generally abundant pigmenta- 
tion, tight ciliate ocreae, united styles and especially the shape of the nut (Fig. 1). Many 
varieties have been described; see Britton (1933); Aschers. & Graebn. 4, p. 815, etc. 



Fig. I. Typioftl fruitB of P. hipathi folium L. (A), P. ppiecticalc (Stokes) Driicc (H), and P. persicaria L. (C). 

All X 15. The dotted line refaesentn the position of the perianth. 

xMany of these varieties no doubt have a genetic basis, but none appears to be distinct, and 
plants are often found which defy classification. Experimental study of the plasticity 
of the species is much needed. Britton (1933) recognizes the var. elatum Gren. & Godr. 
(chara(^terized by the long, slender inflorescences), var. agreste Meisn., and the prostrate 
varieties ruderale Meisn. and proMratum Breb. Moss (1914, pp. 115-16) recognizes 
the vars. agreste and ruderale and there are numerous others, none of certainly known 
status. The situation is probably similar to that in P. lapatkifoliurn (q.v.), in which there 
appears to be a w^ealth of genetic variability of a kind which does not lend itself to taxo- 
nomic treatment, accompanied by plasticity. 

A native of Europe, widely distributed as a weed of cultivation and a common plant 
of arable land, ditches, roadsides and numerous other disturbed communities throughout 
Britain. 

I. Geographical and altitudinal distribution. Recorded for. all English and Irish vice- 
Counties. 

Throughout Europe to 70° N. in Norway (Blytt, 1906, p. 288), to 60° 30' N. in Finland 
(Hermann, 1912, p. 159), 63° 40' N. in Sweden (Lindmann, 1926, p. 239) and 60° 30' N. 
in Ladoga-Ilmen, European Russia (Komarov, 1936, p. 652). East to Central Russia, North 
India, Japan, Australia and New Zealand. Also in Asia Minor, the Caucasus, Trans- 
caucasia, Syria, Palestine, and North Africa from Egypt to Morocco. ‘In waste places 
throughout temperate and tropical North and South America’ (Small, 1913, p. 378). 
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Introduced in America, Australia, New Zealand and probably elsewhere. In Australia, 
unrecorded by Bentham (1870) (cf. P. lapathifolium)', the first record appears to be for 
Victoria in 1908 (Ewart, 1930, p. 431). In New Zealand, first recorded at Wellington in 
1877 (Thomson, 1922, p. 466). 

Ascends to 1420 ft. (432 m.) in Cardigan (Salter, 1936, p. 126), to 1360 ft. (411 m.) 
in Aberdeen, Derby and Cumberland, to 1250 ft. (380 m.) in Dublin and Kerry (Alt. 
Range Br. PI.); probably to the upper limits of cultivation. In western Tibet, Hooker 
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Fig. 2. Polygoimm persicmia L. : vice-coinital distribution in the British Isles and (inset) 

distribution in Europe. 

(1890) records it up to 14,000 ft. (4260 m.) while in Europe it ascends to 6910 ft. (1800 m.) 
in Graubunden (Braun-Blanquet & Riibel’, 1933, p. ^49) and to 6360 ft. (1630 m.) in the 
north Tirol (Hegi FI. 3, p. 201). 

II. Habitat. Always in disturbed communities such as waste ground, arable land, 
ditches, roadsides, etc. On the Somme battlefields of 1914-18 war after shelling had 
churned up the ground, often in standing water in shell-holes (Hill, 1917). An important 
weed of arable land, often in rather damp situations. 

On a wide variety of soils. As an arable weed it is rare on chalk but otherwise shows 
no very marked soil preferences. In East Anglia appears to avoid heavy clays, but 
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Brenchley (1920, p. 133) records it as indifferent in Bedfordshire and says that it may be 
very abundant on such soils in Somerset. The following table (Table 1) is taken from 
Brenchley (1920, p. 131) and is a summary of a survey carried out in Bedfordshire, 
Wiltshire, Somerset and Norfolk (cf. Brenchley, 1911, 1912, 1913 and see alsp III, below). 

Table 1 . Percentage occurrence o/’ Polygonum persicaria L. on various soils 
From Brenchley, 1920, p. 131 

Percentage ocourrence on 

^ All Hoils Heavy Medium Light Chalk Peat 

12 2-6 12 13 OG 90 

Brenchley (1920, p. 133) states that it may be aggregated in the wetter parts of a field 
and suggests that its rareness on chalk is due to its relatively high water requirements, 
also (p. 155) that it is a very common weed of wet, acid peat land in Nottinghamshire. 



Fig. 3. Seedlings of P. pemcana L. A, x6; B, x4'5; C, x 2. 


Buchli (1936), working in the ‘Dreifeldwirtschaftgebiet’ of Switzerland, concluded that 
P, persicaria tends to occur on the base-rich soils, but, when tested statistically, his data 
give no evidence of soil j)reference in respect of: (a) CaC(>i I^e range 0 55 %, (h) pH in 
the range 6-5-9-0, (c) clay content in the range 7-5-62*5 and (d) sand content (particles 
over 2 mm. diam.) in the range 0- ()2-5 His sampling unit appears to have been the 
held, so that there is always the possibility that, P. persicaria depending on local con- 
ditions within a field, his samples do not give a true picture of the soils on which it grows. 

In Cambridgeshire it has been seen on black fen peat (pH 6*9 at the surface (colori- 
metric)) (though less common as a weed there than P. lapathifoUum), on a silty river 
alluvium (pH 7*2 (colorimetric)) at Coe Fen, on the mud banks of Wicken Lode, on heavy 
boulder-clay (though rarely only) at the University Farm. 

Also seen on chalky boulder-clay in a chalk pit at Foxhole heath in the Suffolk Breck- 
land, on sand at Dersinghani, Norfolk (pH 6*6-6*9 (colorimetric)), at Barton Mills, 
Suffolk (pH 7*5 (colorimetric)) and frequently in east Dorset (acid) ; on heath peat over 



124 


Polygonum persicaria L. 

lying a sandy podsol at West Moors, Dorset. It occurs also on river mud at Coe Fen, 
Cambridge, and on cinders and manure heaps. Salisbury (1921, p. 365) records it on dried 
mud exposed at the bottom of the Welsh Harp Reservoir, Middlesex (see VIII {j), below). 

Evidently extremely tolerant of a wide range of edaphic conditions; its occurrence is 
probably determined chiefly by disturbance and consequent reduction in competition. 

III. Communities. As an arable weed, it is rarely found in grass or clover (seeds), 
but is not otherwise associated with any particular crop, according to Brenchley (1920, 
p. 169) (Table 2). The rarity in seed crops is probably the result of their dense growth and 
hence greater competition. Note however (VIII (/?)) that the fruits are fairly frequently 
present in samples of red clover seed. These data at least prove the occasional presence 
of the weed in the crop concerned, but give no further ecological information except in 
the case of flax, in which the three weed 'seeds’ most constantly present, and often 
associated, were Atriplex patula^ Chenopodium album, and P. persicaria. 

Table 2. Occurrence percentage of Polygonum persicaria L. in various crops 
(From Brenchley, 1920, p. 169.) (Seen in all 132 times) 

Percentage occurrence in 



( ^ - - 

All crops Wheat Barley Oats Roots I’eas, Beans Seeds 
12 10 12 18 15 10 3 

The following contingency table has been constructed from the data of Buchli 
(1936, p. 97): 

Table 3. The. dislrihution of P. persicaria L. in corn crops in Switzerland 

(Prom Buchli, 1936) 



Present 

Abstuit 

Total 

Winter barley 

hI 



Winter rye 

91 1 

Winter wheat 

35 

78 . 

113 

Winter corn total 

45 

197 

242 

Spring corn 

7 

22 

29 

Total 

52 

219 

271 


Combining the figures for barley and rye on account of the small number of the former, 
we have ;j;2 = 21-462 {n = 2, p very small) for a comparison of winter barley and rye with 
winter wheat and spring corn. If the figures for winter crops are combined we have 
^ 2 _ o .516 {n — \, jB = 0-3-0'5) for a general comparison of spring and winter corn. Thus 
the significant heterogeneity shown by the first test is due to the differential effect of 
barley and rye as against wheat. No full explanation of this association wdth winter 
wheat is possible, but it is probably related to the rotational system in force in that part 
of Switzerland (cf. Buchli, 1936, p. 9 et seq.). Broadly, this is Winter Wheat followed by 
another corn crop followed by potatoes or clover, i.e. P. persicaria tends to occur in the 
first of two corn crops and follows potatoes or clover. The data are too limited to carry 
the analysis any further, but this seems on the whole a more probable relation than that 
it tends to occur in winter wheat as such. 

There , is a considerable variety of associated species. The lists following are samples. 
1 and 2 were more or less closed communities liable to periodic disturbance by livestock, 
ditch-cleaning operations, etc. ; the rest were all open communities. 

(1) On a ditch bank at Coe Fen, Cambridge. Polygonum hydropiper, Poa praiensis, 
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Taraxacum sp., Plantago major, Urtica dioica, Trifolium prateme, Atriplex sp., Dactylis 
glomerata, Rumex acetosa, Lolium perenne, Sonchus asper, 

(2) A different locality on Coe Fen. Polygonum hydropiper , P, aviculare, Rumex 
conglomeratus, Ranunculus repens, Festuca pratensis, Lolium perenne, Urtica dioicxi, 
Agrostis sp., Stellaria sp., Cirsium arvense. 

(3) In a bean crop at Dersingham, Norfolk. Polygonum lapathi folium, P. peteclicale, 
Urtica dioica, Anagallis arvensis, Cirsium lanceolatum, Holcus mollis, Chenopodium album. 

(4) On a ditch bank near WcvSt Moors, Dorset. Polygonum hydropiper , Urticxi dioica, 
Rumex conglomeratus, Holcus m.ollis, Geranium sp., Potentilla anserina, Heracleum 
sphondyliurn, Bidens tripartita, Dactylis glomxrata, Poa trivialis, Solanum dulcamara. 

(5) On a sand and gravel bank thrown up from, a ditch in a Molmia-MyricM 
community at West Moors, Dorset. Holcus lanatus, f., Rumex acetosella, f., Agrostis sp., 
()., Molinia caerulea, o., Rubus spp., o., Polygonum persicaria, o., P. lapathi folium, r., 
J uncus effusus, r., P. hydropiper, r., Atriplex sp., r., Anthoxanthum odoratum, r. 

(6) In a damp rut in a sandy heath track. Grange estate, near West Moors, Dorset. 
Polygonum persicaria, a. , Matricaria matricarioides, a. , Sagina apetala, a. , J uncus bufonius,Si. , 
Poa annua, f., Gnaphalium uliginosum, f., Agrostis sp., o., Plantago major, o., Polygonum 
aviculare, o,, Cerastium triviale, o., Poa trwialis, r., Trifolimn repens, r., Sonchus sp., r., 
Capsella bursa-pastoris, v.r., Rorippa islandica (Nasturtium palustre), v.r., grass and other 
unidentified seedlings f. 

(7) A ditch, Horton Heath, Dorset. Polygonum hydropiper, a., Potentilla anserina, a., 
Ranunculus acris, o., Lolium perenne, o.. Polygonum aviculare, o., P. persicaria, o., 
Filipendula ulmaria, o., Rumex conglomeratus, o., Lycopus europaeus, r., Poa trivialis, r., 
AchilleAX millefolium, r. 

(8) Long (1938, p. 2) gives the following list of seedling weeds for a square yard of 
garden soil: Ranunculus (chiefly repens), Poa annua, Rumex sp., Chenopodium album, 
Senecio vulgaris, Capsella bursa-pastoris, SoncMis oleraceus, Stellaria media, Polygonum 
persicaria, Sinapis arvensis, Cirsium arvense, Plantago sp., Trifolm^ sp. 

Characteristic of the Polygonum hydropiper communities frequent in wet ditches in 
the east Dorset-west Hunts region. These are closed communities (at least in summer), 
often in standing water and are sometimes shaded by firees (cf. below). 

Braun-Blanquet and Rlibel (1933, 2 , p. 449) record it as a member of the Chenopodium 
poly spermum-Pani cum crus-galli association in Graubiinden, while Hegi (FI. 3, p. 202) 
gives the following list of characteristic associates in central Europe: Equisetuyn arvense, 
Polygonum convolvulus, Amaranthus retroflexus, SolanUm nigrum, Linaria vulgaris, Cap- 
sella bursa-pastoris, Galium aparine, Sonchus arvensis, S. oleraceus, Senecio vulgaris, 
Cirsium. arvense, Vida hirsuta, Stellaria media, Veronica agrestis, Euphorbia helioscopia. 

In general occurs in open, sometimes intermittent habitats and is associated with a 
wide range of other weed spp. Perhaps more tolerant of competition in wet situations; 
cf. the closed P. hydropiper communities in wet ditches in Dorset. 

IV. Response to biotic factors. Not often grazed and has been said to be poisonous to 
stock. Long (1910, p. 114) however states that it is useful fodder for horses and cattle. 
At Coe Fen, Cambridge, a variety approaching the var. prostraturn withstands grazing 
and trampling by cattle and horses. This variety, together with other prostrate types 
characteristic of paths, cart-ruts, etc., may be forms of trodden habitats. Abundant in 
a potato field in Bedfordshire (1942) where there occurred a gradation of forms from erect 
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on the field itself to prostrate on an adjoining path (R. M. Greenslade). Experiment on 
these prostrate forms is needed. 

Druce (1897, p. 427) says: ‘When growing on goose-greens where the plant is much 
bitten off, it assumes something of the appearance of Polygonum minus' 

If cut back, even when in full flower, it may persist into a second year (J. Carpenter). 

Long (1938, pp. 172-3) states that hoeing and hand-pulling are the best methods of 
controlling it as a weed and that 4 % copper sulphate and 7-10 % sulphuric acid are 
Effective as sprays, the latter in cereal crops. 

V. (tt) Gregariousness. Sometimes solitary, usually a number of plants together, or 
in dense stands. Aggregation of seedlings, presumably on the site on which the seed- 
parent of the previous year had grown, has been noted at Hampreston, Dorset (D. Trehane). 

{b) Performance in various habitats. Some, at least, of the great variability of this 
species is due to plasticity. There are many references in the literature to certain varieties 
being ‘mere forms’ of dry habitats, poor soils, etc. Moss (1914, p. 116) suggests that the 
var. ruderale is a form of dry habitats (cf. IV above, where it was suggested that prostrate 
forms may be induced by treading). Drabble (1916) records ‘ paedogenetic plants about 
1 inch high and with a few (3 or more) flowers’ in Derbyshire. In the community listed 
in III (6), above, the species was represented by numerous, small plants, 3-15 cm. high, 
erect, unbranched, or branched once from the base and bearing from 3-30 flowers in one 
or very few racemes. The most depauperate plants occurred in what appeared to be the 
driest situations on mobile sand by the edge of the rut itself. 

Habit appears to be affected by crowding; solitary plants are often branched from the 
base, the branches spreading and ascending. When densely crowded (e.g. at Gamlingay, 
Cambs., 1942), may form a close stand of tall, slender stems, 60 - 80 cm. high, little or not 
branched, the lowermost 20-40 cm. bare of green leaves and generally pale in colour. 
Nuts of P. persicaria (growing in a mixed stand with P. lapathifolium in which both species 
showed this ‘crowded form’) were sown in a pot and produced a single plant', strongly 
pigmented and branched from the base, the branches spreading and ascending. 

Hegi (FI: 3, p. 202) records ‘second generation’ plants, small and flowering only very 
little. It is not clear whether he regards the small size, etc. as in some way a consequence 
of late germination. If it were, this might explain some at least of the depauperate plants 
encountered as in HI (6) above, and at Wicken Fen, Cambs. The latter occurred on the 
newly made mud banks of the lode and were slender, usually unbranched, erect or creeping, 
with a few small leaves and a few small inflorescences. P. lapathifolium, and P. petecticale 
were similarly represented. The possible mode of action of late germination in producing 
these forms is, however, quite unknown. 

(c) Effect of frost, drought, etc. No information. 

VI. (a), (b) Morphology, etc. Underground part generally consists of roots only, but 
up to 5 cm. of stem may be buried, producing whorls of roots at the nodes (cf. root 
production at the nodes of procumbent overground branches). Main root generally 
rather contorted, but growing roughly vertically downwards unless the plant is growing 
on the side of a clod, etc.; from 3 cm. in length in small plants to about 20 cm., usually 
10-12 cm. Rarely, a lateral may become the longest and stoutest root. 

(c) Mycorrhiza. Chiovenda (1920) states that, in Italy, the rare fungus Myriostoma 
coliliforme (Dichs.) Corda (which is recorded as rare in Britain) was responsible for an 
endotrophic mycorrhiza in the roots of P. persicaria. 
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{d) Perennation, Summer annual (therophyte). See IV, however. 

[e) Vegetative reproduction. Not known to occur. 

(/) Longevity. One season only. Seedlings appeared in early April 1943 on Coe Fen, 
Cambridge, and mature plants were dead by late November 1942 in the same locality, 
i.e. the longevity is about 8 months, or less for plants germinating later in the season. 
Exceptionally, survives into a second season (see IV). 

{g) Age at first flowering. About 6 weeks on Coe Fen, Cambridge, 1943. Nearly 2 
months in pot tests, 1944. 

{h) Frequency of seed production. Every year, so far as is known. 

(^) Ecotypes. No information. 

(;/) Chromosome number. A tetraploid with somatic number 44 and 22 bivalents at 
meiosis (Jaretsky, 1928, p. 417). Somatic count tentatively confirmed on root tips of 
British material. 

Pollen grains larger than those of the diploid P. lapathifoliwrn ; 10 had a mean diameter 
of 41*6 fi (s.E.M. 0-72) and a mean volume of 51,400 (jl^ (about 1-65 times that of P. lapathi- 
folium). 

Very few pollen mother cells (Jaretsky, 1927) are produced and pollen production is 
low. A very few pollen grains have been seen to have germinated within the anthers 
(see P. lapathifolium). 

VII. Phenology, (a) Time of maximum root growth not known. 

(h) Flowers from May-June to September or even later. 

(c) Fruits shed from June or July onwards. 

(d) Non-flowering shoots have not been seen. Short axillary or basal shoots (the 
flowers of which are often very pale in colour) may be produced from about June onwards. 

(e) Seedlings first seen in early April on Coe Fen (1943), but not until mid-May 1944. 
An examination of the temperature and rainfall records made at the Cambridge Botanic 
Gardens near by did not reveal any obvious reason for this difference. Young seedlings 
were also seen on 17 July 1944 in the community listed under III (6) above, and germina- 
tion (first or second generation?) probably occurs even later than this. Generally, how- 
ever, a spring germinator, as noted by Buchli (1936, p. 273) in Switzerland, who also found 
a few seedlings during the winter. 

VIIL (a) Mode of pollination. Knuth {Poll. 3, p. 346) says: 'Insect visits are fairly 
frequent; cross-pollination is therefore possible though automatic self-pollination often 
takes place.’ The outer whorl of 5 stamens bends outwards and dehisces introrsely while 
the inner whorl of 1, 2 or 3 stamens, when present, bends in towards the stigmas and 
dehisces extrorsely, thus procuring self-pollination; this is said to occur, however, even 
when the inner whorl of stamens is lacking. Stigmas and stamens stand at roughly 
the same level and development is homogamous. Very little nectar is produced. 

(6) Insect visitors. In Westphalia, Knuth {Poll. 3, p. 346) records Syrphides as the 
commonest visitors. In Britain, Scott-Blliot (1896, p. 150) gives Bucentes {Siphona) 
cristata (Fab.) (Tachinidae) and Phaonia {Hyetodesia) incana (Wied.) (Muscidae) and 
Dr Morison has found Taeniothrips atratus (Hah) and T. vulgatissimus (Hal.) on this species. 

(c) Cleistogamy. Not recorded, but the occasional pollen grains germinated within 
the anthers are suggestive (see P. lapathifolium). 

{d) Apomixis. Not recorded. 

(e) Vivipary. Not recorded. 
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(/) Hybrids. A number of hybrids have been claimed on taxonomic grounds, but the 
variability of most of the species concerned probably renders such identification uncertain. 
Britton (1929, 1930, 1933, 1936, 1936) has recorded hybrids with the following: P. mite, 
P. lapathifolium, P. minus ( = P. braunianum. Schultz), and P. hydropiper L. Specimens 
named x P. hydropiper L. and x P. maculatum Trimen & Dyer exist in the Cambridge 
University Herbarium and Aschers. & Graebn. ( 4 , p. 820) mention hybrid with P. lapathi- 
folium (as P. tomentosurn Schr.), P. petecticale (as P. nodosum Pers.), P. hydropiper, 
P. minus and P. mite. Druce (1892, 1930) gives x P. mite and x P. minus. 

The hybrid with P. minus (Britton, 1936) is said to be sterile, but generally there is 
no mention of reduced fertility and the specimens the writer has seen bear abundant 
well-formed fruits. The hybrids with the diploid species, P. lapathifolium and P. petecticale, 
would presumably bo triploids and highly infertile, assuming that apomixis does not 
occur. The same applies to the x P. hydropiper with the addition that this species has 
a somatic chromosome number of 20, i.e. it has a different basic number (Jaretsky, 1928). 
The chromosomes of other species mentioned above are, as yet, uncounted. There is no 
information about ecological behaviour of hybrids. 

{g) Amount of seed. 1 seed per fruit. From 3 per plant to about 1200 at one time; 
total throughout the season must usually be rather greater. Korsmo (1934) gives 200-800 
nuts per plant. 

Fruit weight: four samples of 26 nuts weighed respectively 69-8, 63-5, 66-4 aiid 62-3 mg. 
giving a mean of 2-3 mg. per fruit. Korsmo (1934) gives 2-7 mg. and Pammel (1910, 
p. 28) 1-41 mg. 

(A) Dispersal. By animals. The following data are quoted by Kidley (Disp. Pits.}. 
Heinitz in Sweden showed that the nuts could be eaten and passed through tlie intestines 
of horses (p. 360), cattle (p. 361), fallow and roe deer (p. 372) without harm. Several 
birds have been seen to eat the nuts; Holmboe quotes Lullula arborea (L.) (Woodlark) 
(p. 466) in Scandinavia and Syrrhaptes paradoxus (Pall.) (Pallas’ Sand-grouse), a Russian 
steppe species occasionally migrating westwards in large numbers as far as Britain 
(p. 606). Beal records Planesticus migratorius (L.) (American Robin) (p. 477) and Colaptes 
auratus (L.) (Flicker) (p. 484) in America and Marrot found that Anas strepera L. 
(Gadwall), which is widely migratory over the temperate zone, also ate the fruits 
(p. 492). Evershed (1918) found fruits in the crops of pheasants. Praeger (Ir. Top. 
Bot. p. xxxviii) suggested that the fruits had been carried to a black-headed gull colony 
in King’s County, Ireland, in mud on the birds’ feet, and Brenchley (1920, p. 17) says 
that they may be distributed by sticking to clothes, animals, etc. when wet. 

With agricultural seeds: given by Long (1910, p. 369) in Britain and by Pammel (1910, 
p. 33) in the U.S.A. as impurities in seeds, especially clovers. The records of the Official 
Seed-Testing Station, Cambridge, for the season 1942-3 were examined and yielded the 
following figures (given as percentage of samples tested containing fruits of the species) : 
0-1 %: Trifolium hybndum, T. repens, Medicago lupulina, Onobrychis saliva, Lolium 
perenne, L. italicum, Dactylis glomerata, Phleum pratense, Cynosurus cristatus, Festuca 
spp., Brassica oleracea, B. rapa. Beta vulgaris, Peucedanum sativum', 1-4 %: Medicago 
sativa, Daucus carota; 4-6%: Trifolium pratense, Festuca pratensis; 31%: Linum 
usitatissimum. 

Briefly, the following factors are involved: (1) presence of the weed in the crop, itself, 
at least in part, dependent on the presence of the nuts in the crop seed; (2) relative 
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time of maturity of crop and weed ; (3) seed size and weight in relation to cleaning pro- 
cesses; (4) harvesting methods. These are far too complex to discuss here, hut the 
following points are of note: (1) the high figure for flax is prol)ably less important than 
the 4-2 % for red clover, a much more widely grown crop; (2) there is a big inter- 
national trade in seed and this must be an important means of world spread. Thus a high 
proportion of legume and grass samples were of foreign, especially American and New 
Zealand, origin; all the 6 % of records for Festuca pratensLs came from the U.S.A. and 
some of the red clover records came from the U.S.A., Argentine, and New Zealand; 
(3) P, lapafMfolium does not occur in any of the records seen and it is po^ sible that it 
has not been distinguished from P. persicaria. 

Volkart (1924) and Gentner (1929) have reported on the impurities of red clover 
samples from many European localities. From their combined data, it appears that 
the general mean number of nuts of P. persicaria per lOOO seeds of clover is about 6. 
Knowing the average seed-weight and seeding rates for red clover, it can be calculated 
that about 21,000 nuts will be sown per acre in pure red clover and about GOOO in mix- 
tures; this is equivalent to about 5 and 1-5 fruits per sq. m. respectively. These figures 
are necessarily very approximate but they serve to illustrate the importance of agricul- 
tural seeds as a means of spread. 

By water: Praeger (1913) showed that the nuts floated for one day, so that water- 
dispersal may occur. 

(i) Viability. See (j). 

{]) Conditions for gerrnmatiori. Justice (1941) showed that a j)eriod of after-ripening 
is necessary which is markedly shortened by subjecting the saturated fruits to low 
temperatures for a period of months, neither saturation nor low temperatures alone being 
efficient. After-ripening of the dry fruits does, however, occur slowly at ordinary tempera- 
tures, though the available figures show wide variation. Thus Justice obtained a maxi- 
mum of 12 % after 30 months’ storage and Ewart (I9i)8) obtained 0 % after 1 year. 
The writer has obtained 8 % in light and 2 % in dark in laboratory tests on 50 nuts 
11 months after harvest and 80 % in compost pot tests after 1 year’s storage. 

Prolonged dry storage, however, appears to lead to a decrease in viability; thus Dorph- 
Petersen (1924) records the following germination figures for 1-7 years’ storage: 78, 63, 
50, 13, 7 , 2, 0 % respectively. 

Justice {loc. cit.) showed that constant temperatures slightly above freezing (as against 
alternating temperatures) were most favourable to after-ripening, nuts thus after-ripened 
relapsing into secondary dormancy if dried. He also showed that outdoor burial in soil 
in winter was effective. Different media (e.g. paper, moss, cotton, etc.) were all shown 
to retard after-ripening compared with water, the suggestion being that they affected 
gaseous exchange in some way. This is consistent with the hastening of after-ripening 
found to result from the removal of the pericarp, e.g. intact nuts 4 months after harvest 
gave 4 % germination while a similar sample from which the pericarp had been removed 
gave 20 %. This question of gaseous exchange is probably important for nuts buried 
in soil, in which they are viable for long periods. Thus, according to Stapledon (1942) 
the period of viability under Welsh hill pasture was about 5 years and almost certainly 
less than 20 while periods of over 30 years have been found in Middlesex. Goss (1924), 
continuing the experiments of Duvel (1905), obtained the following data on the viability 
of fruits buried in 1902 at different depths: 

J. Ecol. 33 


9 
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Table 4. Viability of the fruits q/" Polygonum persicaria L. in soil. 


(From Goss, 1924) 

Percentage germination in 


Depth 
of burial 

1903 

1905 

1908 

1912 

1918 

1923 

8 in. 

0 

26 

0 

60-5 

14 

1 

22 ill. 

0 

1 

0 

31-5 

9 

25*5 

42 in. 

0 

0 

0 

8 

0-5 . 

56 


These figures fire rather irregular but there is some indication that germination is 
delayed progressively at greater depths. 

Appeared in abundance at Hampreston, Dorset, on land ploughed up for the first 
time in about 45 years (D. Trehane). Buchli (1936, p. 243) states that the nuts were 
viable after 20 years’ burial and gives data on their occurrence in arable soils in Switzer- 
land (pp. 221, 227). Salisbury (1921, p. 365) records it on dried mud at the Welsh Harp 
Reservoir, Middlesex, and it has been seen on mud newly exposed from a ditch on Coe 
Fen, Cambridge; nuts were probably present in the mud before exposure and drying in 
both these cases. 

It appears therefore that low winter soil temperatures and saturation are the factors 
conditioning the spring-germinating habit of this species, while gaseous exchange may 
be limiting for after-ripening in the case of nuts deeply buried in soil or mud (cf. the 
probable effect of depth of burial in Table 4). It may be also that the generally higher 
temperatures with increasing depth in soil in winter are partly responsible. 

(/l) Morj)hology of seedlings. Woodcock (1914) has described the anatomy, etc. of 
the fruit. Germination occurs in 10-12 days. Nut splits at apex and radicle appears. 
Hypocotyl elongates and carries up the remains of the nut, later lost as the cotyledons 
expand. The region just below the cotyledons is at first a pale red, later turning green. 
Cotyledons orange-red in colour when first exposed, becoming dark green above and red 
below when expanded; they remain red in the dark. The ciliate ocrea can readily be seen 
at the base of the first foliage leaf. Distinguished from seedlings of P. lapathifoliurn and 
P : petecticale by the lack of glands and tomentum. 

{1) Effective reproduction. Entirely by seed. 

IX. Parasites, diseases. See Polygonum L, Virus: given by Smith (1937, p. 25) as a 
weed host of Beta Virus 1 (curly-top), in America. 

X. History. Fossil records: Reid (1899, p. 139) gives records of the nuts in the Cromer 
Forest Bed of Suffolk, Interglacial of Sussex and London, late Glacial of Middlesex and 
Neolithic lacustrine deposits of the Scottish lowlands. Nuts possibly belonging to this 
species have been found in Mesolithic deposits in the Isle of Wight by Clifford (1936). 

Regarded by Buchli (1936, p. 90) as an ‘archaeophyte’, i.e. a species having no known 
‘natural’ habitat, always associated with human disturbance. (Note Reid’s Pliocene 
record however.) The question of tte earlier history of such archaeophytes presents many 
problems. Salisbury (1932, p. 193) has suggested that their natural habitats were for 
the most part early stages in succession where competition is comparatively low. Species 
that are now common weeds might then have been rare plants, colonizers of open or inter- 
mittent habitats. P. persicaria may then have occurred on the margins of lowland ponds 
and rivers, though, it must be emphasized, this is mere conjecture. 
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Lend. Cat. (Ed. 11) No. 1670 

Polygonum lapathifolium L. (P. tomentosum Schr. of many continental authors) 

N. W. SiMMONDS 

Sect. Persicaria. Stem usually erect, branched or not, or, when decumbent, rarely 
branched from the base; to 1 m. in height, usually much less. Pigmentation very variable. 
Leaves, especially the lower, more or less hairy, variable in size and shape, often glandular, 
blotched or not. Ocreae tight, not or only shortly ciliate. Inflorescences 1 to many, 
the peduncles usually densely glandular. Racemes dense, variable in size and shape, 



Fig. 1. Polygonum lapathifolium L. : vice-oomital distribution in the British Isles, 
and (inset) distribution in Europe. 

usually erect. Perianth greenish-white, less commonly red or pink, glandular, the main 
veins raised and with recurved branches. Styles 2, united at the base only. Fruits about 
2*5 X 2*6 mm., black, shining, orbicular, biconcave, a few trigonous ones sometimes 
present, equal to or longer than the perianth. 

Distinguished from P. persicaria by the leaf tomentum and characters of the fruit 
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and fruiting perianth and from P, petecticale by the fruit and perianth only. (See P. persi- 
carid) Fig. 1). Other differences are inconstant. 

Some continental writers refer to P. lapathifolium L. as a synonym of P. nodosum, Pers., 
a species now called P, petecticale in Britain. P. tornentosum Schr. has sometimes been 
regarded as synonymous with P. petecticale (Stokes) Druce, but the descriptions in Aschers. 

& Graebn. 4, p. 809, Blytt (1906, p. 288), Lindmaim (1926, p. 238), Danser (1921), etc. 
leave no doubt that their P, tornentosum, Schr. refers to the plant here called P. lapathi- 
folium L. and that their P. nodosum, Pers. is the same as our P, petecticale (Stokes) Druce. 
Dyer & Trimen (1871), however, state that P, nodosum Pers. is the same as P. persicaria 
var. datum Gren. & Godr. The best general account of taxonomy and synonymy is that 
of Danser (1921, pp. 140-67), who also deals with P. petecticale. 

A very variable species of which many varieties have been described (see e.g. Britton, U 
1933). By sowing experiments, Danser (1921), working on this species and P. petecticale, 



Fig. 2. Seedlings of P. lapathifolium L. A, side view of mil split at the apex showing the 
adherent perianth, x 15. B, x 6. C, x 4*5. D, x 3. 

showed that: (1) any one progeny was very constant within itself and true-breeding, 
(2) practically no two progenies were alike, (3) there was extreme plasticity in respect 
of height, branching, habit, leaf-size, tomentum, etc. (see V (/>)), but that anthocyanin 
pigmentation of flowers, stems, nodes, leaves, etc. and leaf form were rather constant. 
On the basis of these constant characters he erected a complex system* of classification 
including numerous subspecies, varieties and hybrids which, for reasons too numerous 
to detail here, cannot be accepted. His results, however, are important and valid and 
show that there exists great genetica! diversity combined with plasticity. He correlated 
the constancy of a progeny with a high degree of autogamy (cf. VIII (a) and (c) below). 

A native of Europe widely distributed as a weed of cultivation. Common in Britain 
but less so than P. persicaria, which it somewhat resembles ecologically. 

I. Geographical and altitudinal distribution. Recorded for all English vice-counties 
except Linlithgow (84), Easterness (96), Mid-Ebudes (103) and East Sutherland (107) 
and all Irish except Clare (9) and Kildare (19) (Praeger, 1934, p. 524, who, however, 
gives a record for vice-county 19 in an earlier work (Praeger, 1909, p. 181)). 
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Perhaps less common in the north of Britain than in the south; all four ‘English’ 
vice-counties for which there is no record are Scottish. 

Throughout Europe to c. 65° N. in Iceland (Moss, 1914, p. 117), c. 68° N. in Lapland 
(Lindmann, 1926, p. 238) and (probably) to 70° N. in Norway (Blytt, 1906, p. 288). 
Eastwards to Siberia (to 70° 20' N. (Komarov, 1936, p. 649) and Far East, northern 
India, Malaysia, China, Japan, Australia, New Zealand. Also Asia Minor, Syria, 
Palestine, North Africa, from Egypt to Morocco, South Africa; North, Central, South 
America and the West Indies (Small, 1913, p. 378). Some of the records given above 
may apply to P. petecticale, which is generally ‘lumped’ with P. lapathifolium, but the 
account given is probably substantially correct. 

Bentham (1870, p. 270) records the species in Queensland, Victoria, New South Wales 
and Tasmania, while the first record for New Zealand is 1899 (Thomson, 1922, p. 465). 
Has evidently increased and spread since that date in both Australia and New Zealand. 
A naturalized alien also in America and probably elsewhere, but no details are available. 

Ascends to 7000 ft. (2130 m.) in the Himalaya (Hooker, 1890, p. 35), to 5940 ft. (1810 m.) 
in Central Europe (Moss, 1914, p. 117), to 3940 ft. (1200 m.) in the Tirol (Aschers. & 
Graebn, 4, p. 811) and to 5910 ft. (1800 m.) in Graubiinden (Braun-Blanquet & Rlibel, 
1933, p. 450). In Britain to 1200 ft. (365 m.) near Buxton (Alt. Range Br. PI.) and 1000 ft. 
(305 m.) in Westmorland (Wilson, 1938, p. 210). 

II. Habitat, Always in disturbed communities: a weed of arable land, ditches, manure 
heaps, etc. Similar to P. persicaria but generally less common and less widely tolerant 
than that species. 

As an arable weed it has been seen on sand (jr?H 6‘0~6'9 (colorimetric)) at Dersingham, 
Norfolk, and in east Dorset (acid); on heavy clay in Bedfordshire and north Suffolk; 
on black fen peat in Cambridgeshire (^H 6-9-7*2' (colorimetric)), where it is generally 
more common than P. persicaria. Occurs on river mud (probably basic) at Barton Mills, 
Suffolk, and is recorded by Hegi {FL 3, p. 199) as sometimes floating; on the mud banks 
of Wicken Lode, Cambridgeshire (1943, 1944) and is said by Druce (1926, p. 286) to occur 
on mud newly dredged from rivers and ponds in Bucks, (cf. P. petecticale and see VIII 
below). Recorded by Robinson (1902, p. 169) on the Hull dock wastes, by Scott-Elliot 
(1896, p. 150) on railway cinders and has been seen on sand and manure heaps. 

On the sea-coast of Norway (Blytt, 1906, p. 288) and in the fens and salt-marshes of 
north Germany (Hegi, FI, 3, p. 200). There appears to be no British record of it as a 
maritime plant. 

Evidently extremely tolerant of a wide range of edaphic conditions and appears to 
require chiefly disturbance and reduction of competition. 

P. Greig-Smith has found plants of this species on S waff ham Prior Fen, Cambridgeshire, 
affected with a chlorotic mottling. Sugar beet in the same field showed symptoms of 
manganese deficiency and it is possible that this also was the cause of the mottling in 
our species. 

III. Communities, There is no information about association with crops, but it has 
been seen in potatoes, wheat, beans, cabbages, sprouts and sugar-beet. In beet at 
Waterbeach, Cambridgeshire, it was associated with Polygonum convolvulus, P. aviculare, 
Chenopodium album and ‘volunteers’ from a previous cereal crop. See also List 3 for 
P. persicaria. In Brussels sprouts at Lower Maknington, Dorset, its associates were 
Rumex acetosella, Plantago lanceolata, Arrhenatherum. elatius, Spergula sativa (?), Filago 
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minima, Achillea millefolium., Poa annua, Holcus mollis. Polygonum persicaria. In an 
uncultivated part of the same field there was a dense stand of the species associated with 
Achillea millefolium., o., Anthemis cotula, r., Capsella bursa -pastoris, a., Leontodon 
autumnalis, o., Plantago lanceolata, o., Polygonum persicaria, o., Sonchus asper, r., 
Tussilago farfar a, 1., Zea mays (volunteer), r. 

Abundant on the newly-made mud banks of Wicken Lode, Cambridgeshire, in 1943; 
in 1944 the vegetation had become much more dense and P. lapathifolium had become, 
locally at least, much less common. A list made in 1944 includes: P. lapathifolium, 
Alopecurus agrestis, Chenopodium sp., Potentilki anserina, Capsella bur su- pastoris, Poa 
pratensis. Polygonum aviculare. 

A semi-closed community on a ditch-bank at Horton Heath, Dorset, was composed 
of Polygonum hydropiper, P. persicaria, P. lapathifolium, P. aviculare. Ranunculus repens, 
Dactylis glomerata, Rumex conglomeratus, PotentiUa anserina, Filipendula uhnaria, Poa 
trivialis, Cerastium semidecandrum, Anthxmis cotula, Galium palustre. A very open com- 
munity on uncultivated ground at the Plant Breeding Institute, Cambridge, was made 
uj) of Senecio vulgaris, Chenopodium album, Capsella bursa-pastoris. Polygonum aviculare, 
P. lapathifolium, Poa annua, Sonchus oleraceus, A^iagallis arvensis, Veronica persica, 
Trifolium repens. 

In general, characteristic of open communities and associated with other weeds. 
Appears to be even less tolerant of competition than P. persicaria', see, e.g., lists (1), (2) 
and (4) for that species which represent more or less closed communities. The community 
listed under (5) was very much more open. Regarded as a less serious weed than P. persi- 
caria', unrecorded by Brenchley (1920), while in the 'Dreifeldwirtschaftgebief of Switzer- 
land Buchli (1936, p. 60) states that it has a frequency of 3*7 % of all fields studied as 
against 19* 5 % for P. persicaria. 

rV. Response to biotic factors. In one case where the top of the plant had been removed, 
there was increased j)roduction of short flowering branches from the lower leaf axils. 

V. (a) Gregariousness. Solitary, a few plants together, or in dense stands. 

{h) Performance in various habitats. Crowaling appears to affect habit in the same way 
as in P. persicaria (q.v.). 

For comment on plasticity in relation to taxonomy, see introduction. Danser (1921) 
working on this species and P. peteclicale states that the expression of heritable characters 
is much affected by the environment; thus in ‘dry, sterile’ situations all the varieties 
resemble each other, the leaves are small and tomentose, the inflorescences are small 
and little-branched and the fruits are small. In fertile situations, on the other hand, the 
plant is larger and more branched, the stems are thick, the leaves large and there is less 
colour, the last-named also being less in the shade than in the sun (this is common in 
other species). With regard to habit he states that all varieties are known to have erect 
forms but that not all have prostrate ones, and suggests that the conditions necessary 
for the production of the prostrate habit are different for different varieties. He also notes 
that swollen nodes are characteristic of damp, rich situations and that the leaf-toinentum 
is always more on the lower than on the upper leaves and is much affected by humidity. 

(c) Effect of frost, drought, etc. Danser (1921) suggests that drought may cause poor 
fruit development and sterility, as in the dry summer of 1911 in Holland. 

VI. (a), (6) Morphology, etc. Main root from 3 to about 20 cm. in length. Adventitious 
roots may arise from the lower nodes where these are buried or touching the soil surface. 
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(c) Mycorrhiza. Not recorded. 

{d) Perennation. Summer annual (therophyte). 

(e) Vegetative reproduction. Not known to occur. 

(/) Longevity. One season only, roughly from spring to autumn. 

(g) Age at first flowering . About 6 weeks after germination in pots outdoors. As little 
as 4 weeks in one case in a greenhouse (P. W. Richards). 

{h) Frequency of seed production. Every year, so far as is known. 

(i) Ecotypes. No information. 

(j) Chromosome number. A diploid with somatic number 22 (Jaretsky, 1928, p. 417). 
Confirmed on root-tips of British material by the writer. 

Ten pollen grains had a mean diameter of 40‘3 g . (s.e.m. 0'72) and an approximate 
mean volume of 34,200 fj.^. The diameter measurements differ significantly from those 
of P, persicaria (q.v.) and are consonant with the fact that the latter species is 
a tetraploid. 

Pollen production is very low (i.e. about 30 pollen grains per anther) and the very low 
ratio of pollen grains to ovules (say about 200) is suggestive of inbreeding (cf. notes on 
the constancy of progenies in the introduction to this account and VIII (a)). In addition, 
in one plant examined, about 50 % of the pollen grains had germinated in the anthers 
and, though it could not be shown that the.se were effective in fertilization, such behaviour 
is reminiscent of the cleistogamic flowers of Viola odorata var. praecox (Madge, 1929). 

VII. Phenology, (a) Time of maximum root growth not known. 

(b) Non-flowering shoots have not been seen. Short axillary or basal flowering branches 
may be produced from about July onwards. 

(c) Flowers from June or July to September. 

(d) Mature fruits seen in Dorset in mid-July 1943, but this is perhaps earlier than usual. 

(e) A spring germinator. See VIII (j), below. 

VIII. (a) Mode of pollination. As for P. persicaria (Knuth, Poll. 3, p. 347). 

(6) Insect visitors. Dr Morison has found Taeniothrips atratus (Hal.) and T. vulgatis- 
simus (Hal.) on this species. 

(c) Apomixis. Not recorded. 

{d) Cleistogamy. Not recorded but the premature pollen-tube growth noted in VI (j) 
is suggestive. 

(e) Vivipary. Not recorded. 

(/) Hybrids. A number of hybrids have been claimed on taxonomic grounds. Britton 
(1930, 1936) records x P. persicaria and Aschers. & Graebn. 4, p. 812, give x P. persicaria 
X P. petecticale, and x P. hydropiper. Britton (1930) states that the cross x P. persicaria 
bore well-formed fruits, but that they were empty. Danser (1921), however, states that 
he found no sterile hybrids and that sterility, when it did occur, was due rather to adverse 
environmental conditions such as drought. He calls the x P. petecticale, P. mesomorphum 
Danser and states that it occurs with its presumed parents, other intermediate forms 
being much less common even than the hybrid itself. He also states that it is fertile and 
true-breeding, which seems unlikely (in the absence of apomixis, etc.). 

For comment on the bearing of cytology on these hybrids, see P. persicaria. 

(g) Amount, of seed. 1 seed per fruit; from 10 to about 1500 fruits per plant. Korsmo 
(1934, p. 11) gives 800-850 nuts per plant. 

Fruit weight: four samples of 25 fruits weighed respectively 104-4, 109-9, 117-0 and 
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118*6 rng., giving a mean of 4-5 mg. per fruit. Korsmo (loc, cit.) gives 3*6 mg. and 
Pammel (1910, p. 28) gives 1*56 mg. Evidently very variable. 

(h) Dispersal. Mature fruits fall or are knocked off the parent plant. Distribution 
possibly by animals (cf. P. persicaria), but the only available records are those of Kidley 
(Disp. Pits. pp. 484, 492), who states that the fruits were eaten, by Colaptes auratus L. 
(the flicker) in America and by Anas strepera L. (the gadwall) which is widely migratory 
over the temperate zone. (No record of viability.) Praeger (191S) states that the fruits 
float for one day, but there is no evidence of water dispersal. 

The fruits are given by Long (1910, pp. 369, 370) as an impurity of grass and clover 
seed but there is no record of their occurrence in the samples tested at the Official Seed 
Testing Station, Cambridge, in the season 1942-3. The fruits may not, however, have been 
distinguished from those of P. persicaria (q.v.). Volkart (1924) and Gentner (1929) have 
reported on the impurities of red clover samples from many different European localities. 
From their data it appears that there are about 25 nuts of P. lapathifolium to 1000 seeds 
of clover, on the average. Knowing the seed weight and seed-rate for red clover, it can 
be calculated that roughly 78,000 fruits will be sown per acre in pure red clover and 
25,000 in mixtures. These figures are equivalent to about 19 and 6 fruits per sq.m, 
respectively. These calculations are only very approximate but serve to illustrate 
the importance of agricultural seeds and seed mixtures as a means of spread, 
particularly when it is remembered that there is a considerable international trade 
in seed. 

(i) Viability. See {j). 

{j) Conditions for germination. Justice (1941) and Ransom (1935) showed that a period 
of after-ripening is necessary which is markedly shortened by subjecting the saturated 
fruits to low temperatures for a period of months. The dry fruits do, however, ripen 
slowly at ordinary temperatures though the figures available show wide variation: thus, 
in four tests, the writer has obtained 58, 0 and 0 % germination in soil after 10 months' 
storage and 12 % (in both light and dark) in the laboratory. Germination was more or 
less ‘simultaneous’. Dorph -Petersen (1924) gives the following germination figures for 
1~8 years’ dry storage: 86, 96, 79, 48, 23, 7, 0, 0 % respectively. 

Justice (loc. cit.) showed that constant temperatures slightly above freezing (as against 
alternating temperatures) were most favourable to after-ripening, nuts thus after-ripening 
relapsing into secondary dormancy if dried. He also showed that outdoor burial in soil 
in winter was effective, while Dorph-Petersen (loc. cit.) notes that 99 % of nuts placed 
in soil shortly after harvest germinated, mostly in the following spring. 

The above data apply to intact nuts: the pericarp was shown by Justice to retard the 
process of after-ripening. He found that intact nuts 4 months after harvest did not 
germinate, while nuts from which the pericarp had been removed gave 22 %. He suggested 
(as did Ransom, 1935) that the pericarp inhibited gaseous exchange and thus retarded 
after-ripening. This is consistent with the (probable) retention of viability of nuts in 
mud in ponds, etc. (cf. II), where oxygen supply is limited. 

It appears, therefore, that low winter soil temperatures and saturation are the factors 
conditioning the spring-germinating habit of this species, while gaseous exchange may 
be limiting for after-ripening in the case of nuts deeply buried in soil or mud (cf. the 
effects of deep ploughing). It may be also that the generally higher temperatures at 
depth in soil in winter are partly responsible. There are records of viable nuts being 
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present in soil (e.g. Buchli, 1936, p. 221, in Switzerland), but no details are available 
about period of viability. 

Buchli (1936, p. 238) placed samples of 500 fruits in bags and buried them in dung, 
withdrawing and testing samples after a fortnight, one month and two months. Samples 
buried at the surface gave respectively 17, 14 and 5 % germination while those buried 
at a depth of 0*5 m. gave 14, 1 and 1 %. Depth and period of burial thus both appear 
to affect viability. 

(k) Morphology of seedlings. Nut splits at the apex and radicle appears. Hypocotyl 
elongates and carries up the remains of the nut attached to the cotyledons, which are red 
when first exposed and remain red in the dark; they bear numerous small glands visible 
at a very early stage but particularly clearly seen at the margins of the older cotyledons, 
which are oblong, fleshy, dark green flushed with red above and red below. The ocrea 
can easily be distinguished at the base of. the first foliage leaves, which are generally 
tomentose. The seedlings can thus be distinguished from those of P. persicaria by the 
glands and tomentum, but not from those of P. petecticale, 

(l) Effective reproduction. Entirely by seed. 

IX. Pests, parasites. See Polygonum L. Virus: given by Smith (1937, p. 25) as a weed 
host of Beta Virus 1 (curly-top), in America. 

X. History. Reid (1899, p. 139) gives a (doubtful) Neolithic record for Cowden Glen, 
Renfrewshire. At Glastonbury, the fruits have been found with remains of other weeds 
and cereals in an Iron- Age deposit (Conolly). 

Classified by Buchli (1936, p. 90) as an ‘archaeophyte’, i.e. a species having no known 
^natural’ habitat, always associated with human disturbance (cf. P. persicaria). 
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Lond. Cat. (Ed. 11) No. 1671 

Polygonum petecticale (Stokes) Druce (P. rnaculMum Trimen & Dyer, 

P. nodosum Persoon, etc.) 

N. W. SiMMONDS 

Sect. Persicaria. Stem erect, decumbent or prostrate, to more than 1 m. in height, 
usually with dark spots and otherwise pigmented. Ocreae loose, shortly or not ciliate. 
Leaves more or less tomentose, variable in size, shape, colour, etc. Inflorescences 1 to 
many, the peduncles glandular or nearly glabrous, erect or drooping, usually slender. 
Perianth dirty pink, sometimes red or whitish, more or less glandular, longer than the 



Fig. 1. P. petecticale (Stokes) Druce: vice-oomital distribution in the British Isles and (inset) European 

distribution so far as it is known. 

mature fruit, which is biconcave (a few trigonous ones are sometimes present), ovate, 
c. 2 X 1-5 mm., dark brown in colour. Plastic, extremely variable. Distinguished from 
P. lapathifolium (q.v.) by the fruit characters only (see P. persibaria, Fig. 1), but there 
is generally a difference in ‘ aspect ’ also. The anthers are commonly pink or red and this 
may prove to be of diagnostic value, especially in the absence of fruits, though it has, 
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as yet, been insufficiently tested. For a general account of taxonomy, variability and 
nomenclature, see P. lapathifolium, 

A species of open or intermittent habitats, especially characteristic of drying mud; 
uncommon, or at least sporadic, in Britain. 

I. Geographical and altitudinal distribution. Recorded for seventy English and thirteen 
Irish vice-counties, but these records are probably incomplete. Thus Praeger [Ir. Top. Bot, 
p. 272) says ‘not distinguished in Ireland and range unknown’. Native in England, 
doubtfully so in Ireland. Praeger {Bot. Irl. p. 278) says of Rosslare: ‘the only place in 
Ireland where it has the appearance of a native’. An uncommon plant m southern 
England and becomes even less common in the north, though this may be due in part 
to a deficiency of records. May be sporadically abundant on exposed mud (see II, below). 

Generally distributed through Europe to about in Sweden (Lindmann, 1926, 

p. 239). Russia, Siberia and Far East (Komarov, 1936, p. 650); Lebanon and Afghanistan 
(Dyer & Trimen, 1871) ; northern India (Hooker, 1890, p. 35) ; N. Africa (Moss, 1914, p. 118) ; 
Portuguese East Africa (Dyer, 1913, 6, pt. 1, p. 108); S. Africa (Moss, 1914); Japan; 
Australia, Canada, the U.S.A. and South America (Argentine and Chile) (Irigoyen & 
Thellung, 1919). 

Lowland; altitudinal range in Britain not recorded. In Graubiinden, ascends to 1070 m. 
(3500 ft.) (Braun-Blanquet & Riibel, 1933, p. 450). 

II. Habitat. In disturbed habitats such as arable land, ditches, etc. and peculiarly 
characteristic of exposed lake or river mud. 

It has been seen on saud {pH 6-6- 6*9 (colorimetric)) at Dersingham, Norfolk; on the 
mud banks of Wicken Lode, Cambridgeshire; on a silty river alluvium at Coe Fen and 
on dried mud dredged from a ditch at Sheep’s Green, Cambridge. Recorded on mud 
dredged from rivers or ponds or in dried-up ponds, reservoirs, etc. by Amphlett & Rea 
(1909, p. 311), Druce (1897, p. 428, 1926, p. 287, 1930, p. 197), Horwood & Gainsborough 
(1933, p. 464), Purchas & Ley (1889. p. 254) and Salisbury (1921, pp. 365-6). It is 
probable that viable fruits are present in the mud in such cases and germinate only on 
exposure (see VIII {h), below). Said by Salisbury (1942, p. 200) to be one of the more 
characteristic species of drying mud. 

III. Communities. In a bean crop at Dersingham, Norfolk, it was very rare and asso- 
ciated with P. persicaria, P. lapathifolium, Cirsmrn lanceolatum and Chenopodlum album. 
Two lists from Coe Fen, Cambridge, were: ((1) (1943) Alopecurus geniculatus, Apium 
nodiflorum, Catahrosa aquatica, Glyceria aquaticM, Nasturtium ojfidnale, Polygonum hydro- 
piper and Ranunculus repens; (2) (1944) Ranunculus scleratus, Agrostis sp., Glyceria 
fluitans, Polygonum hydropiper and P. persicaria. Sporadic in its occurrence on Coe Fen 
in the years 1942-3-4; present in each year, but appeared in slightly different stations. 
All three communities were fairly open. On Sheep’s Green, Cambridge (1944), on dried 
and cracked mud dredged from a drain the previous winter, it was occasional and asso- 
ciated in one spot with Urtica dioica, Cirsium. arvense and Capsella bursa-pastoris. The 
vegetation here was frequently so open that the over-ground parts of ane plant were not 
touching those of any other. 

IV. Response to biotic factors. Grazing by cattle (Sheep’s Green, Cambridge, 1944) 
appears to lead to the production of numerous short axillary shoots and a dense, prostrate, 
almost cushion-like habit. Flowering is also much reduced. 

V. (a) Gregariousness. Solitary, a few plants together or in large amount. 
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(f>) Performance in various habitats. Plastic (see P. lapathifolium). Small, hairy, 
depauperate plants are found as in P. persicaria (q.v., V (h)) and P. lapathifolium, which 
are probably forms, but the nature of the environmental conditions producing them is 
not known. 

There are specimens in the Cambridge University Herbarium from Portsfield, near 
Chichester, critically examined by C. E. Salmon. One specimen was ‘normal’ from the 
edge of a dried-up pool, while another, from inside the depression, was small, prostrate 
and stunted. Bidens tripartita was said to behave in a similar manner, the suggestion 
being that the plant in the depression was a form only. 

Salisbury (1921, p. 365) states that exposed leaves of the var. salicifolium (see Moss, 
1914, p. 118) were only slightly tomentose while shaded leaves were densely so, the 
difference also occurring on single leaves part shaded and part exposed. 

(c) Effect of frost, drought, etc. No information. 

VI. (a), (h) Morphology. Similar to P. lapathifolium. 

(c) Mycorrhiza. Not recorded. 

{d) Perennation. Summer annual (therophyte). 

(e) Vegetative reproduction. Not known to occur. 

(/) Longevity. One season only, roughly from spring to autumn. 

(g) Age at first flowering. A few months. 

(h) Frequency of seed production. As often as the parent plants occur, so far as is known. 
{i) Ecotypes. No information. 

{j) Chromosome number. Somatic number 22; 11 in pollen-grain division (Jaretsky 
1928, p. 417). Not verified on British material, but 16 pollen grains had a mean diameter 
of 38-1 p (s.E.M. 0-835) and did not differ significantly from P. lapathifolium in this 
respect. Pollen production very low. 

VII. Phenology, (a) Time of maximum root growth not known. 

(b) Non-flowering shoots have not been seen; new flowering shoots are produced during 
the summer. 

(c) Flowers from June or July to September. 

(d) Fruits mature from July or August onwards. 

(e) Time of germination spring or early summer. 

VIII. (a) Mode of pollination. No information, but the flower is similar to that of 
P. lapathifolium. 

(6) Pollinating inserts. No information. 

(c) Cleistogamy. Not recorded. 

{d) Apomixis. Not recorded. 

(e) Vivipary. Not recorded. 

(/) Hybrids. Several hybrids have been claimed on taxonomic grounds. Britton 
(1933) and Moss (1914, p. 118) give xP. hydropiper and Aschers. & Graebn. (4, p. 814) 
record x P. persicaria, x P. lapathifolium, x P. hydropiper, x P. minus and x P. mite. 
There is in the Cambridge University Herbarium a specimen labelled x P. persicaria 
which, though presumably a triploid, bears abundant fruit, which is, indeed, necessary 
for its determination. See P. lapathifolium (VIII (/)) for comment on the hybrid, 
P. mesomorphum Dans. There is no record of ecological behaviour. 

(g) Amount oflseed. One seed per fruit; from ten to about 2600 fruits per plant. 
Salisbury (1942, p. 200) states that five small plants bore respectively 170, 456, 553, 587 
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and 1074 fruits, one medium-sized plant bore 9200, while he estimates a large plant to 
produce about 25,000, the average being greater than 2000 fruits per plant. Evidently 
very variable in this, as in all other respects. 

Fruit weight: four samples of 25 fruits weighed 
respectively 22*2, 22*4, 24-1 and 24-3 mg. giving an 
average of 0-9 mg. per fruit. 

{h) Dispersal, Said by Horwood & Gainsborough 
(1933, p. 464) to be dispersed by wildfowl. The fruits 
float for 3 days according to Praeger (1913) and this, 
together with the records on river mud, suggests that 
water dispersal may occur. ^^'8- 2. P. petecticak (Stoker) Drucc: an 

. early stage in germinatjon. Note the 

(^) V^ab^l^ty. (See {j). 

characteristic form of the nut and 

(j) Conditions for gerrmnation. No direct informa- perianth. Later stages cannot be dis- 
tion. Perhaps similar to P. lapathi folium, but differing tinguished from P. lapathifohmn L. 
in having a longer period of after-ripening associated 

with stronger inhibition by the pericarp. All ordinary germination tests have failed, but 
H. W. Howard has obtained 60 % in a sample of 10 nuls, dried for 1 year, by chipping 
the pericarp, a parallel untreated sample giving 0 %. Viable in submerged mud for con- 
siderable periods (cf. II), though exact information is lacking. The biology of germination 
is probably of critical importance for the ecology of this species; clearly, much more in- 
formation is needed. 

{k) Morphology of seedlings. See Fig. 2 for an early stage in germination showing the 
characteristic fruit and perianth. Later stages cannot be distinguished from P, lapathi- 
folium (q.v.). 

(Z) Effective reproduction. Entirely by seed. 

IX. Parasites, diseases. See Polygonum L. 

X. History, No information. 
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THE VEGETATION OF SOME HILLSIDES IN UGANDA 

ILLUSTRATIONS OF HUMAN INFLUENCE IN TROPICAL ECOLOGY. II 

By A. S. Departmeyit of Agriculture, Uganda 

General Aspects of Vegetation in Uganda 

The six hillsides described in the first part of this paper (Thomas, 1945, Fig. 1) give a fair 
indication of the general aspect of the vegetation in this part of Uganda. On the Sese 
Islands, the pattern of a broad belt of forest and farms on the hilltops, of short, light, 
grassland on the hillsides and of a narrow strip of forest near the lake, is repeated on 
island after island. On the coast between Kampala and Jinja, and to a distance of 
10 km. inland, the general pattern is of short grass on the hilltops and farms and forests 
in the valleys, as at Nansagazi. 

Short grassland, thickets of elephant grass, and papyrus swamps — as at Mparnbire — 
are typical of the country in the south-west of the area mapped. Around Kampala there 
is the complex of farms and elephant grass on the hills, and strips of shorter grassland in 
the valleys, such as that described at Kawanda. 

To the north of Kawanda, the population becomes less dense and more of the land is 
under a cover of elephant grass; because of the more intense dry spells, the relict woody 
vegetation becomes that of open woodland and not of closed forest: woodland, such as 
that described at Kakinze, covers most of the hills to the north and east of this place; 
and the broad valleys are fdled with coarse, tufted grassland broken by groups of trees 
and shrubs on and around the termite mounds which are scattered along them. Finally, 
the north-west of the district is largely composed of broad valleys covered with open 
grassland and low hills with belts of woodland, such as that described at Seyajongo. 

There are three areas where the general aspect is different from any described, or from 
intergrades between the communities. First, to the north-west of Jinja, close to the 
Nile, there is the Mabira Forest, about 300 sq. km. in extent; this is made up of closed 
evergreen forest with patches of woodland and grassland on the rocky hilltops. Native 
tradition asserts that this forest is secondary and that the land formerly was covered 
with farms; this hypothesis is supported by the general appearance of the forest — the 
scarcity of large trees, the preponderance of quick-growing, soft-wooded species, and 
the abundance of climbing plants — and there seems no reason to doubt that the land used 
to be inhabited and that the people were killed or driven away by intertribal wars — for 
this area lay on the boundary of Buganda. It is probable also that the abundance of 
Simulium damnosmn, a most obnoxious small biting fly which breeds in the River Nile, 
also drove people away, or at any rate discouraged them from returning to this area; 
and that the forest has spread and is still spreading over land which once was cultivated. 

Secondly, the country north of the Mabira F^orest, lying between the rivers Sezibw’a and 
Nile, has a vegetation showing affinities wdth that of Busoga, the district east of the 
Nile; there are grasslands and woodlands, but they are somewhat different from those 
at Kakinze and Seyajongo. And, thirdly, another distinct area of vegetation is that 
between Nakasongola and Lake Kyoga, w^here the average rainfall is about 750 mm. per 
J. Ecol. 33 
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annum. In this area there are grasslands and thickets similar to those of Karamoja 
district, which lies away to the north-east; and, as in Karamoja, it appears that the 
grassland represents the natural vegetation and the thickets are a type induced by over- 
grazing (Thomas, 1944). 

But, although it is possible to convey an impression of the vegetation of a large area 
of country by giving only a general description of the vegetation and by omitting some 
of the less conspicuous zones in the catenas, yet it must be remembered that these smaller 
zones may play a very important part in the life of the community of men and of animals 
living on the hillsides. For example, in a description of the catena on Sese, it is a mistake 
to pay attention to the land vegetation only, for the fish are derived from the water of 
the lake; and fish play a most important role in the Sese economy, being the chief source 
of protein in the diet of the people and of their cash income. 

Similarly at Mpambire the narrow strip of forest above the swamp is of great value 
to the people, as it is the source of their timber and firewood. The valley grassland at 
Kawanda is not very extensive nor is it a good type of pasture; but it is the only part 
available for the local herds to graze. Even the exposed rocks on the top of Kakinze 
hill are useful to the local people, as their surface is an excellent place on which to winnow 
grain or to dry foodstuffs. 

It is on account of the significance of relatively small and inconspicuous features of 
topography and vegetation that it has seemed worth while to use the catena method and 
to give the descriptions in some detail. The African, who lives in a certain countryside, 
will regard it in quite a different light to that of a European observer; he regards the 
plants from the point of view of their utility as a source of food for men or animals, of 
fuel, of fibre or of medicines; he regards the soil mostly from the aspect of suitability 
for his crops; and he regards the weather from the aspects of crop production and of 
bodily comfort. And, of course, the question of water supply is of prime importance to 
man and to animals. It is these matters which determine the density of settlement and 
therefore have a great influence on the vegetation. 

The Secojjdary Character of Vegetation in Uganda 

The present population around Kampala is dense — about 28 people per square kilometre 
is the average for the Mengo district, in which this strip of country is situated. There is 
a great concentration of people around Kampala and in the county of Kyadondo, which 
lies immediately to the north-east of the town. In the drier country to the north of the 
area, water supplies are scarce in the dry seasons and the population is much more sparse. 
But it seems that, on all the land area included in the map, it would be impossible to 
find a single square kilometre where the vegetation has not been altered by human 
influence, either by the cutting down of trees, or by cultivation, or by burning, or by the 
grazing of stock. 

There are stretches of climax evergreen forest in some of the other wetter areas of 
Uganda, at altitudes ranging from about 700 m. in Bwamba, on the west of Ruwenzori 
Mountain, to about 1600 m. in the Kibale Forest on the east of the mountain ; in these 
forests Cynonietra Alexandra is the dominant tree. It would be expected that under 
'natural’ conditions the whole of the area within about 60 or 60 km. of the northern 
shores of Lake Victoria, where the temperature is equable and the rainfall is well dis- 
tributed, would be under evergreen forest. And, as Cynometra Alexandra is the dominant 
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tree in climax forests with similar rainfall, at altitudes both above and below that of 
this area, and as it grows well when planted, it might be expected to be dominant here 
also in climax forest. Yet the species has not been reported here in the wild state: nor 
do any of the forests in Buganda, even in the large area of Mabira, appear to be climaxes; 
they are composed mostly of quick-growing, soft-wooded species, such as are replaced 
by Cynonietra when it forms a climax forest. As Cynometra Alexandrii has a lieavy hard 
wood, so difficult to work that it is not used by Africans except for fuel, tlie lack of the 
species cannot be attributed to removal for timber; it is much more likely that none of 
the present forests in Buganda has reached its climax. 

There are relict patches of closed forest in some of the rocky hills to the north of 
Kawanda, a fact which indicates that closed forest at one time covered most of the land 
surface in those places where the average annual rainfall was 1000 mm. or more. In 
places where the rainfall was less, and where the dry spells were more marked, it seems 
that the ‘natural’ vegetation was of woodland on the hills and of more or less open 
grassland in the valleys; while the general aspect of the vegetation in these drier parts, 
such as at Kakinze and Seyajongo, has been altered to a considerable degree by human 
influence, yet it has not been so completely transformed as that of the wetter parts which 
had been under closed forest. 

The influen(^e of man on vegetation in Uganda 

The most spectacular transformation of vegetation which man achieves in Uganda is to 
1)6 seen when forest is cut down or destroyed to make clearings for cultivation; an area 
of tall closed forest may be felled and little trace may remain in one or two years — only 
a few rotting tree trunks may be left among the bananas or other crops which are planted. 
It often happens that some trees are retained, to provide shade or shelter, or for their 
edible fruits -species such as Caiiarmm Sckweinfurikn Garcinia Buchanarn or Pseudo- 
spondias microcarpa. The climber, Lamlolp/ria Jlorida, is also retained, on account of its 
large edible acid fruits. 

Similar clearings are also made in the woodland communities of drier areas to the 
north ; sometimes, as at Kakinze, many of the trees also are not cut down, but are merely 
coppiced and, after one or two crops have been harvested and the ground is becoming 
exhausted, these trees are allowed to grow up again. In other cases, of species whose 
root systems are especially vigorous and compete unduly with crops, these trees are 
killed, leaving only specimens of other, useful, species; hence there have arisen the areas 
with scattered trees of Butyrospermum Parkii or Balanites aegyptiaca , such as are to be 
seen in the north of Uganda; or of Adansonia digitata (Baobab), in some hotter, drier, 
parts of Africa. In the north of Uganda there are some places where the only tree growth 
is of large specimens of Ficus spp.; it seems very probable that these also have arisen 
through human influence, that woodland has been cleared, leaving only mature specimens 
of useful trees such as Butyrospermufn Parkii and that, when these trees died out, they 
were replaced by Ficus spp. which had started as epiphytes on them. Although many of 
the roots of these fig trees are close to the surface of the soil, yet crops will grow in associa- 
tion with them and it is not necessary to cut out the trees; furthermore, their wood is of 
little useNfor house building and is not a good fuel; and therefore the trees are retained. 

Human influence on vegetation is not purely destructive: there are some species whose 
abundance in Uganda is due in part to planting by man. Ficus natalensis and allied 

11-2 
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species are of little use when they are dead, but are most useful trees when they are 
alive; their bark is used to provide cloth, the trees provide useful shade and shelter for 
crops; and, as large woody cuttings are easily rooted, they are often planted on farms, 
are used to mark boundaries and are employed as living posts for fences; many of the 
trees scattered over the countryside were planted for one of these uses. Similarly, the 
prickly Erythrina ahyssinica is easily grown from large cuttings and is often planted in 
the fences around cattle kraals; many specimens and many groups of trees appear to 
have originated in this way. 

Plants with edible fruits furnish many examples of species distributed by man. The 
indigenous Borassus fiahellifer — a species abundant and widespread in tropical Africa 
and in tropical Asia — has so irregular a distribution in Uganda that human action, and 
perhaps also that of elephants, seems to be the most feasible explanation why it should 
grow in abundance in such diverse situations — on steep hillsides, on undulating land and 
in flat valley bottoms as at Seyajongo. 

Some fruit trees, which are known to be of recent introduction, have now become 
naturalized in many localities in Uganda — notably the mango {Manyifera indica) and 
the guava (Psidiuni guajava). The passion fruit, Passiflora edulis, a strong semi-woody 
climber, which probably was not grown in Uganda until less than fifty years ago, is now 
abundant in the wetter forests to the north and west of Lake Victoria: it was brought 
in by man, but it has been spread by monkeys and fruit-eating birds, notably parrots 
and hornbills. 

Many succulent plants are distributed and increased by human action in Uganda. 
The large tree Euphorbia calycina and the smaller Euphorbia Tirucallii are used to form 
living fences around cattle kraals and often these fences persist long after the kraals 
are abandoned. Some smaller plants, especially succulents, are cultivated for medicinal 
purposes in regions far from their home: for example, Stapelia Dummeri was described 
from cultivated plants in Buganda, yet the nearest district where it has been seen in 
the wild state is Karamoja, 300 km. to the north-east; and Kalarichoe abyss! nica, which 
is widely grown in Uganda, does not seem to be truly wild in any part of the protectorate. 
The succulent Sansevieria Dawei, another species first described from cultivated plants, 
is planted for fibre in areas remote from the dry districts where it grows wild. 

The species enumerated above are some which are deliberately planted. There are 
others which are not abundant except as weeds of cultivation, especially the ephemeral 
species for which there is no place in a closed forest or in a tall natural grassland. Two 
exotic species — Galinsoga parvifiora and Euphorbia heterophylla — which are both native 
to America, are striking examples of this type for, although they are known to be recent 
introductions, yet they are now widespread in Uganda. 

The elephant grass {Pennisetuni purpureunt) which covers such large stretches of the 
countryside, seems to be secondary to human influence and especially to cultivation and 
farming. If the grass is not burnt for a few years, it is invaded by the seedlings of trees 
which, in course of time, would shade it out, so that the land would revert to closed forest 
or open woodland. The persistence of the grass therefore is due to the fact that it is 
usually burnt once or twice a year; if the grass is not burnt for two or three years and 
then becomes ignited in dry weather, the intense conflagration which results will scorch 
and kill most of the trees among it. Fire also appears to facilitate the establishment of 
the grass; after the burning of patches of Imperata cylindrica on the Kawanda Research 
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Station, the land has become colonized by Pennisetum purpureuni] unburnt patches 
of Imperaia have not been colonized by elephant grass to the same extent, but by large 
shrubs — Flueggea virosa, Phyllanthus guineensis and Bridelia which represent 

a stage in the regeneration of closed forest. 

Many of the papyrus swamps in valleys also seem to be secondary. Cyperus Papyrus 
is abundant in parts of Lake Victoria and Lake Kyoga, growing along the shores and 
forming a floating mass over the water of some sheltered bays: it is also dominant in 
many river valleys, well above the levels of the lakes. Papyrus was recorded in the catenas 
at Mpambire and Kawanda; in both places it was noted that the forest was advancing 
into the papyrus, so it might be expected that, when the vegetation had reached the 
climax, the papyrus swamps would largely have revert^ed to forest. It was also noted at 
Kawanda that the papyrus was advancing into the swampy MiscariiMilium violaceum 
grassland. 

The spread of papyrus upwards seems to be due to the nature of its roots, which form 
a spongy mass, very retentive of water and impeding its flow, so that the water table 
tends to rise above the place where the papyrus is growing and to make more ground 
swampy and suited to the plant. The rise in the water table also leads to the flooding 
of areas of valley grassland, so that their herbage changes from Cymhopogon afronardus 
to Miscanthidmm violaceum, which in its turn is invaded by Cyperus Papyrus. 

On this hypothesis, which is supported by local tradition that papyrus swamps in 
some places have increased within living memory, the dominance of Cyperus Papyrus 
may be regarded as a phase of the cycle: 


-►Forest 1 

Cultivation 

Cyperus Papyrus swamp | 

M iscanthidium violaceum Cymhopogon afronardus 

grassland . grassland 



If it were not for human influence, the climax forest would have persisted; and human 
influence seems to retard the return to the climax vegetation, for the fires which sweep 
over the swamps in dry periods do great damage to the woody growth along their edges. 

Finally, there are some very interesting plants which appear to be indicative of 
former human settlements; they may be encouraged by some alteration of the physical 
structure of the soil, but it is more probable that the reason for their restricted distribution 
is due to the extra supplies of bases — the residues of ashes from fires and of refuse from 
food which accumulate in the soil near dwellings. Dicrostachys glovierata is a small 
tree or a large shrub, found on such places in the drier areas of Uganda; it was noted on 
the hilltop at Seyajongo. Acacia Holstii is often associated with old kraal sites, in regions 
of light and medium rainfall: it was noted on the hilltops at Kakinze and Seyajongo, and 
in the valley grassland at Kawanda. 

Even the most important timber tree of the protectorate, Chlorophora excelsa, appears 
to be largely confined to house sites or to termite mounds on land which has been culti- 
vated (Thomas, 1942 a) ; almost all of the young trees to be seen in Uganda are in such 
situations, in places where the soil is rich in bases; and, when the tree has been planted 
on poorer soils, its growth has been slow. There is evidence that Chlorophora, w^hich is 
a typically West African species, is spreading in some of the drier parts of Uganda, such 
as the Lango district, north of Lake Kyoga, being always restricted to settlements. And 
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it is most probable that the restricted occurrence of the species is the reason why Chloro- 
phora excelsa trees are preserved and are the subject of many religious beliefs both in 
West Africa and in Uganda; the Baganda used to think that the spirits of their ancestors 
gathered in the shade of the trees. 

The influence of man on soils in Uganda 

The catenas at Bujumba and Nansagazi, the two most southerly of those described, are 
situated on rocks of the Karagwe Ankolean system, which is composed largely of phyllites 
and quartzites. The other four catenas are situated on the Basement Complex of schists, 
gneisses and crystalline quartzites; a gneiss is exposed on the hilltop at Kakinze and a 
ridge of quartzite at Kawanda. 

There are no volcanic or basic rocks in these catenas, yet there are great differences 
between the soils found on them. In general, the soils to the south seem to be more acid 
than those to the north; as there is a heavier rainfall in the south, it might be expected 
that the soils there would be more leached and poorer in bases than those of the drier 
areas in the north. But, even in any one catena, there are great differences between the 
soils in different zones -in reaction, in texture and in colour. As chemical analyses are 
available of the Bukalasa catena (Martin & Griffith, 1940) which resembles that at 
Kawanda, one or two points which these catenas have in common may be mentioned. 

One of the most interesting features of both catenas is the difference in the colours of 
the soils those of the hilltops are grey, those of the hillsides are red brown, and those 
of the valleys are grey. It is a common practice to speak of all red or red- brown soils 
in the tropics as being laterized but, as Martin & Griffith point out, it is better to speak 
of the red soils at Bukalasa as 'red earths’ for they have a silica/alumina ratio of about 
2-0 and are on the borderline of the true laterites. 

The classical work of Harrison (1933) in British Guiana showed that under equatorial 
conditions, with high temperatures and heavy rainfall, it is to be expected that basic 
rocks will weather to form laterite and acid rocks will weather to form kaolin. Kaolin 
appears to be abundant in the grey soils of the valleys at Bukalasa and Kawanda and 
also in the grey soils of the hilltops; yet the soils on the slopes between are red, and 
it would be difficult to account for these differences as due to ordinary soil-forming 
processes. 

Native tradition states that the reddening of the soil is due to lengthy human settle- 
ment. This is the most feasible explanation of the change in colour, for it seems impossible 
otherwise to account for the occurrence of patches of reddish soils in close proximity to 
grey or black soils, sometimes on the same contour of the hill. Such occurrences may be 
seen not only in the part of Buganda described in this paper, but in many other areas 
of the Uganda Protectorate, in places which differ greatly in their rocks and climates. 

Human settlement does undoubtedly lead to a local concentration of bases in the soil ; 
comparisons between samples I and 2 at Bujumba and between samples 2 and 3 at Kakinze 
show that there is a much greater amount of bases in the soil near the houses than in the 
soil at a little distance from them. This concentration of bases is a matter of some economic 
importance; for example tea, a calcifuge, will not grow on old house sites; and it is a 
persistent effect, for the failure of tea in patches has shown the existence of house sites 
even in the Kijura area (in the west of Uganda) which is known to have been uninhabited 
for over forty years. 
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It is quite probable that the reddening of soil may be connected with tlie addition of 
bases. Harrison (loc. cit.) showed that when acid rocks weathered, there is a tendency 
for the iron to be leached out, leaving a light-coloured soil rich in kaolin; but that when 
basic rocks are decomposed the alkaline solution tends to remove the silica, leaving the 
iron and alumina, and a reddish soil is formed. Similarly, it is possible that the more 
alkaline soil solution, induced by the addition of ashes, of animal and vegetable refuse 
to the land near houses, may lead to a leaching of silica and an accumulation of iron, 
producing the 'red earths’ so abundant in Uganda. The mounds of many species of 
termites are redder than the soils or the subsoils on which they are built; in in the case 
of human settlements, so also in the case of these mounds, it is possible that the change 
in the colour of the soil may be connected with the local concentration of bases by bio- 
logical activity. 

Whatever may be the chemical processes involved in the formation of 'red earths* 
in Uganda, there is much eviden(ie of the physical processes — that often they are built-up 
soils. Much attention has been paid to erosion of tropical soils, but little to the processes 
by which they are built up. Soil erosion does occur in Uganda, but is much less evident 
in Buganda than in the Eastern Province, where the soils are more sandy and the dry 
seasons more marked. The more spectacular examples of soil erosion in the tropics are 
not usually to be seen in the areas of heavy, well distributed rainfall, where a cover of 
vegetation is maintained over the soil; but they are to be seen in places where the total 
annual rainfall is less and where the dry seasons are so long that most of the plants are 
grazed or burnt away, exposing the bare soil to the full force of the rains when they 
break. 

Even though there may be little erosion of the soil surface in Buganda, it seems that there 
is a definite movement of the soil downhill, a movement which gives rise to the popular 
superstition that the stones on the hilltops grow in size. It is probable that this move- 
ment is due to ‘soil creep* the slow movement of the particles underground when they 
are wet — for, while the construction of narrow-base contour bunds in coffee plots at the 
Kawanda Research Station has effectively prevented the movement of water or soil 
on the surface, yet it has led to a rapid terracing of the land. 

The diagram of the catena at Kawanda indicates that there has been a movement of 
soil from the hilltop. The level of the land falls steeply down to the area which is cultivated ; 
it falls more slowly throughout the inhabited part of the hillside, and then falls rapidly 
again, from below the lowest houses, down to the almost flat valley bottom. This profile 
is characteristic of the countryside in the densely populated parts of Uganda; even the 
lower hills, on which a rocky outcrop is lacking, have gentle slopes from the to}) to a long 
way down the sides, and then fall rapidly to the floor of the valley. The shape of the 
valleys cannot be attributed to erosion by the slow currents of water which percolate 
along them through forests or papyrus swanq^s. 

It is more probable that the shape is due to the fact that, where the dwellings are, 
there the soils tend to be built up. That seems to he the most feasible ex})lanation of the 
very deep deposits of even-textured red earths. Furthermore, there is much evidence 
that these soils have been and are being built up fairly quickly in some places: it is a 
common experience to see potsherds at depths of half a metre or more, even on hilltops; 
and, as the local pots are seldom very thoroughly baked and tend to disintegrate rapidly 
in moist soil, it is probable that these fragments are of no great age. 
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Evidence that the occurrence of red earths may be correlated with former human 
settlement is by no means confined to Buganda. It is plainly shown in some of the drier 
parts of Uganda and other East African territories and is easily seen from the air; the 
patches of red soil in some cases end abruptly, in other cases the colour grades into the 
paler shades of the land around. The patches of red earth are in places where supplies 
of water are available, or where it is probable that water has been available, and are 
usually on slopes well above the water table. 

Much has been written about human influence on soil erosion in equatorial Africa; 
but there has been little mention of its function in building up soils in that region. Yet 
this accretion of soils on the sites of settlements is well known in other parts of the world; 
it is obvious in the case of many cities in Europe ; and it is shown even more strikingly 
by the deep deposits of alkaline soil covering the remains of former civilizations in Egypt, 
in Iraq, and in northern India. If human settlement has caused the building up of soil 
in other parts of the world, it might be expected to do so in the tropics; and it seems 
to furnish the most reasonable explanation of the facts detailed above. 

Lateritic ironstone 

The origin of lateritic or red soils is a controversial subject; the origin of lateritic ironstone 
and lateritic gravel is even more controversial. Mackay (1943) has compiled an account 
of many theories on this subject. His observation that exposures of laterite frequently 
occur near old village sites in forest country and are probably quite a good indication 
of former forest clearance and cultivation is most interesting, and accords with the con- 
clusion which had been reached after many observations in Uganda. Lateritic ironstone 
and lateritic gravel are common in the Protectorate and occur at many levels, on many 
rock formations, and under a wide range of climates — from the wettest to the driest. 
Outcrops of ironstone are found under a wide range of conditions, but the recent deposits 
have one feature in common — they are in places where it is probable that there have 
been human settlements. A major factor in determining human settlement is the supply 
of water, and it is very striking how often these outcrops are in places where water is 
available, although they are usually well above the present water table. 

It has been suggested that lateritic ironstone has been laid down under water or on 
the shores of lakes or in places where there is a seasonal fluctuation of the water table; 
but there has been noticed no evidence of the formation of a layer of iron concretions in 
any such position at the present time on any of the hillsides described in this paper. And 
ironstone is abundant at many different levels; on the Sese Islands and On the shores of 
Kyagwe it occurs at the summit of the peneplain, but it is usually at lower levels in the 
north; and, even on a single hillside, as at Nansagazi, it may occur at several different 
levels. The discontinuous distribution of lateritic gravel, which appears to be derived 
from lateritic ironstone, is well shown on the Kawanda Research Station; one end 
of the hill has red soil and much lateritic gravel, and the other end has shallow grey soil 
around an outcrop of quartzite; there are patches of gravel irregularly disposed on either 
side of the hill, not on the contour, but extending for some distance down the slopes. 

And it has been suggested that ironstone may be formed by the rising of the soil solu- 
tion; if this were the case, it could be expected that the outcrops would be horizontal, i.e. 
parallel to the water table in the soil. But the outcrops are not always horizontal — often 
they are on a distinct slope, parallel to the surface of the ground. So that it seems more 
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likely that the formation is due to concentration of the solution, as it percolates down- 
wards, through meeting an impermeable layer; this would explain the incrustation of 
ironstone on rock surfaces. In the cases where the ironstone is formed in the absence of 
rocks, the impermeable layer may be the hard pan which often results from native 
cultivations — the soil being turned over to the same depth time after time or by the com- 
paction of the soil on which d wellings have been built. There is very little lateritic ironstone 
or lateritic gravel in places where the soils contain much coarse sand as, for example, 
those derived from granites in the Mubende district (to the west of the area described 
in this paper); however much these soils are compacted, they remain very oermeable. 
Encrustments of lateritic ironstone are often to be seen on quartzites in Uganda, but not 
on granites. 

One strong argument that ironstone is formed through some human influence is the 
manner in which both solid lateritic ironstone and lateritic gravel are found in patches 
even more localized than the red earths. It seems impossible to account for this sporadic 
occurrence, except through human agency. It certainly cannot alw^ays be attributed 
to the distribution of rocks; the unconformity of rocks and of lateritic ironstone and 
gravel may well be seen on the cuttings of a new road between Sipi and Sebei, on the 
north-west of Mount Elgon; these cuttings w'ould afford valuable material for an intensive 
study by a soil chemist. 

Some of the most striking examples of lateritic ironstone are to be seen on the pro- 
montory of Entebbe, and other headlands projecting into Lake Victoria, where the 
deposits are very deep: there is usually a shallow' layer of lateritic gravel, then a hard 
layer of ironstone and then a softer, mottled mass to a total depth u|) to h or 10 in.; 
in some places the softer lower layers have been eroded, leaving the hard upper layer 
to form a cave or a natural bridge. The distribution of these masses of ironstone is very 
irregular — they are usually w'ell developed on the headlands, and are usually absent in 
the bays. One of the most interesting occurrences is near the end of the Entebbe pro- 
montory, w'hich runs tow^ards the south-w'est — there is a line of regularly spaced out- 
crops projecting into the lake in the direction of due south. It seems scarcely credible 
that these outcrops can be due to ‘natural’ causes; and, if they are due to human settle- 
ment, it is interesting to speculate why they should be thus arranged. Similarly, the 
circular outcrop of Nansagazi seems hard to explain on ‘natural' grounds. 

There appears to be no native tradition that outcrops of ironstone are to be associated 
with human settlement, as is the case with the reddening of soil. But it is a significant 
fact that the spot which used to be most sacred to the Baganda, the site of the temple 
of Mukasa, their principal deity, was an extensive sheet of ironstone on Bubembe Island 
in the Sese group; for Mukasa, like the other gods of the Baganda, appears to have 
been a deified person, and the temple was built on the site of his dwelling. 

Finally, one great argument that ironstone may be built up through human inter- 
ference is the fact that it tends to diminish through natural causes. First, it is eroded 
rapidly by w^ater, as is shown by native tradition; ironstone causeways which connected 
islands in the Sese group are now deep beneath the lake; the rock Sali at the south side 
of Bunjako Island, wdiich was connected to the mainland by a strip of ironstone, is 
said to have floated away. Secondly, there is evidence that, w hen an ironstone pavement 
or lateritic gravel is under a forest cover, it tends to disintegrate, a process which may 
be seen on the Sese Islands, where trees grow^ well on such pavements (Thomas. 1941) 
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and which has been noted in Nigeria (Rosevear, 1942) and on the Ivory Coast (Porteres, 
1937). 

There are considerable areas of ground in some densely populated parts of equatorial 
Africa which are rendered infertile by layers of lateritic ironstone. If, as seems probable, 
these layers can be broken up by forest growth and the land rendered fertile again, such 
a process would be of great economic value; the processes by which the ironstone is built 
up and broken down seem to demand intensive study. It is possible that the processes 
are much more rapid, than would be expected: at Nansagazi and on some of tlie islands 
near the north of Lake Victoria there may be seen cases of Chlorophora excelsa trees 
growing in crevices of ironstone pavements; as Chlorophora is a long-lived species and one 
that demands high soil fertility, it is possible that the ironstone has been exposed, or 
even has attained its present hardness, after the trees became established. 

The antiquity and density of human settlement in Uganda 

If such far-reaching changes of vegetations, of soils, and even of rocks are to be attributed 
to human influence, it is essential that there must be proof of long-continued, human 
settlement in the country. Such proof is now available: Wayland (1934) has shown that 
not only can the same sequence of stone-age cultures be traced in Uganda, as are known 
in Europe, but also that there was a far greater density of settlement here. In his IVI 
horizon in the valley of the Kagera River there is a layer composed entirely of artefacts, 
embedded in a mass of lateritic ironstone. The horizon provides more evidence that 
ironstone may be connected with human settlement; similar tools are to be found in 
reddened earth of Bed 2 at Old way in Tanganyika; the reddening may be caused by a 
change in climate but, by analogy with present-day conditions, it is possible that it was 
due, at least in part, to dense human settlement. 

Life is easy on the northern shores of Lake Victoria. The climate is never very hot, 
never very cold, never very wet and never very dry. As the rainfall is so well distributed, 
a supply of food is relatively easily maintained, far more easily than in temperate regions 
with a long cold winter, for crops may be harvested at all times of the year and fish and 
game may be obtained at nearly all seasons. Clothing is unnecessary, and housing may 
be of the simplest. It is only to be expected that primitive man, with a minimum of tools, 
should flourish and multiply here to a far greater extent than under more rigorous climates. 

It seems that even fairly recently the population of the Uganda Protectorate was much 
greater than at the present time, Roscoe (1911) states that about 1860 the population 
of Buganda alone was about 3,000,000; now, although the area of the province has been 
increased, yet the population is only about 900,000. There was a tremendous wastage of 
population in the years before British rule commenced, a wastage due to wars, to famines, 
to disease, and to the human sacrifices and executions which seem to have accounted for 
thousands of victims each year. 

Furthermore, if striking effects are to be produced on the soils, there should be long 
continued human settlement in certain places. It is quite probable that large settlements 
would he made and continued on the islands and headlands on Lake Victoria, for the 
inhabitants of such settlements could resist attacks from their enemies. In dry areas, 
there might be permanent settlements close to supplies of permanent water~the rivers 
and waterholes which did not dry up at any season of the year. But, in a well watered 
area like the south of Buganda, it should be possible to change settlements at frequent 
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intervals; and so long as cultivation was in the primitive form of cutting down the forest, 
taking a few crops off the soil until it lost fertility and then moving on to fresh areas, so 
long as this system of agriculture continued, no permanent settlement could be ex])ecte(l. 

But permanent settlements, based on the cultivation of a perennial crop, the banana, 
appear to have been a feature of Muganda life for a long time. There is often a connection 
between the antiquity of a crop and its religious significance; and, as Roscoe shows, it 
was the banana crop on which the life of the Baganda was centred, the crop with which 
the ceremonies of birth and death were connected, which w’as used to give protection 
from sickness and which supplied offerings for their gods. 

Yet the banana is not an African plant; it originated in south-east Asia; it sets no seed 
and can only be growm from suckers, heavy pieces which the African would be iinlilo ly 
to carry for many miles. Nevertheless, there wwe over thirty varieties of banana ic 
Uganda before the coming of the Europeans: a few may have arisen by bud mutation, 
but the majority must have been introduced. If climatic conditions at the time of intro^ 
duction W'Cre like those of the present day, it is unlikely that the bananas were brought 
to Uganda from the east, north or west: the southern route, dowm the western side of 
Lake Victoria, the rift of Lake Tanganyika and the Zambesi valley to the coast, seems 
to be the most likely, for it alone provides an uninterrupted stretch of inhabited country 
suited to banana cultivation. An even greater mystery than the manner in wdiich so many 
varieties can have been brought all the w^ay from the coast to the centre of the continent 
is the manner in which the bananas reached Africa at all — w^ere they brought by the 
Portuguese, or by the Arabs before them, or by the Chinese, wdio appear to have been 
the first people to carry on a regular trade by sea with Africa ^ 

However the bananas may have reached Uganda, there is no doubt that they have 
been cultivated to the north of Lake Victoria for a very long time and on a very extensive 
scale. The bananas are deep rooted plants and respond greatly to soil fertility - they will 
not grow on poor soils; so the African plants his banana garden on the best available land 
and builds his house in it. The ashes, the refuse of food and the manure from stock tend 
to accumulate near the house, maintaining and increasing the fertility of the soil, so that 
a well-kept banana garden may persist for a hundred years or more. On poorer soils, 
the life of a banana garden will be much shorter and the land must be left for a spell 
under a fallow of elephant grass or of a secondary forest before it recovers sufficient 
fertility for another crop of bananas to be growm. Even if the banana gardens have a short 
individual life, yet there is a tendency for them to be replanted again and again on the 
same piece of land and there is a tendency for plant nutrients to accumulate in such areas; 
whereas the land nearby which, if it is under forest is used to })rovide tirewmod or, if it 
is under grassland is used to provide grazing and thatching material, tends to become 
further depleted of its nutrients. Thus there may be produced the striking differences of 
soil fertility betw'een the zones on any one hillside. 

The indirect effects of human influence on vegetation 

It has seemed necessary to digress from botany into the more controversial sciences of 
anthropology and soil science in order to appreciate the indirect effei‘ts of human influence 
on vegetation. For the direct effects may produce temporary changes; but the indirect 
effects may produce permanent changes. If a field of grassland is burnt, it may be 
expected that the grasses wdll spring up again in the next rainy season. But it a forest is 
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felled, and the land is cultivated and exposed to the deleterious action of sun and rain for 
a long period, the mineral status of the soil may be so much lowered that the woody 
species cannot regenerate and open grassland replaces the forest. 

Any disturbance of the natural cover of the soil is likely to increase the rate of leaching 
and the ultimate loss of plant nutrients; it would be interesting to analyse the waters of 
the River Nile and to calculate the amounts of various salts which are carried down each 
year from the Lake Victoria basin to fertilize the farmlands of Egypt. But human 
influence is not always destructive of soil fertility; just as the farmlands of western Europe 
are probably now much better supplied with plant nutrients than when they were under 
temperate forests (especially in the case of areas which were under coniferous forests) 
so also it is probable that the soils of the banana gardens in Uganda have now a higher 
mineral status than when they were under tropical evergreen forest. 

Yet it is probable that the mineral status of the grassland soils has been lowered and 
is still being lowered; the salts taken up by the grasses are carried away by the animals 
which graze on them and a high proportion is not returned to the grasslands, but is 
deposited on the spot where the animals are kraaled at night. As the mineral status of 
a soil is diminished, the composition of its herbage changes (Thomas, 1940). In those 
parts of Uganda which have a well-distributed rainfall, Pennisetum purpureum grows on 
the richest soils, Cymbopogon afronardus on those which are poorer and Loudetia kagerensis 
on the poorest of all. 

The change in the composition of the herbage appears to have a great influence on the 
surface soil, not only as regards its structure, but also as regards its mineral status. 
A large collection of grasses has been planted at Kawanda Research Station on fairly 
good soil : it has been found much easier to establish species such as Pennisetum purpureum 
and Cynodon plectosiachtjum^ which grow on good soils, than to establish species such as 
Eragrostis chalcantha and Loudetia kagerensis, which grow on poor soils. The reason seems 
to lie in the difterences between the root systems of the grasses: as a general rule, the 
species which grow on good soils have vigorous, deep, roots, but the species which grow 
on poor soils have weak, shallow, ones. Therefore if it is only possible for these latter 
species to grow, the minerals in the deeper layers of soil and subsoil are much less available 
to the herbage than if more vigorous species are growing, and it may be expected that 
more of the salts will be leached out by percolation of soil water. The Loudetia kagerensis 
grassland on the hillside at Bujumba furnishes an example of such a soil: it is very 
permeable and is of great depth, and yet the grass roots can draw upon only the leached 
upper layers. The seedlings of trees are unable to become established in this poor soil, 
except close to termite mounds where the mineral status of the surface soil is higher. 

Whenever forest does not invade an area enjoying an equable temperature and a good 
well-distributed rainfall, with no water-logging, it is usual that the poverty of the soil is 
an inhibiting factor. This poverty may be due to the fact that the soil has been leached 
before it is deposited, in which case podsolization may take place, even under tropical 
conditions (Richards, 1941); such deposits may be seen near Lake Nabugabo in the 
Masaka district, in the south-west corner of the area included in the map (Thomas, 
19426). Yet it seems that instances of such poor natural soils are not very common in 
the tropics and that most of the areas of permanent grassland in close juxtaposition to 
tropical evergreen forests are due to soil degradation by human influence. 

And so it seems that by removal of the nutrients from some zones and their concentration 



165 


A. S. Thomas 

in others, a pattern of soils differing in colour and in mineral status has been built 
up, such that the most fertile soils are often to be found on the tops and sides of 
hills, and not near their bases, as would be expected from ordinary soil-forming processes. 
This diversity of soils is reflected in the diversity of vegetation, with communities differing 
greatly in composition and life form, instead of the more uniform vegetation which pro- 
bably existed before the coming of man. 

Not only do the soils differ greatly in mineral status from zone to zone, but also there 
are great local variations inside the zones. Termites and some mammals, which tend to 
place their excreta in certain spots, may cause local accumulations of plaro nutrients; 
but it seems that most of the variability of the soils must be ascribed to human influence. 

The coaction of man and vertebrate animals in Uganda 

If, as seems highly probable, the wetter part of the Mengo district was at one time covered 
with dense evergreen forest and owes its diversity of plant formation to human influence, 
it is interesting to speculate how the change of plant population has been reflected by 
a change in the animal population. 

Even the animal populations of the lake waters have been affected. In spite of all 
the fishing in the waters of Lake Victoria and Lake Kyoga it is probable that the fish 
populations have not been greatly altered, except in the case of the most desirable Tilapia 
esculenta. But many crocodiles are shot each year, and their numbers must be reduced. 
The hippopotamus, and the situtunga, an antelope living in swamps by the shores of 
the lake, undoubtedly are much fewer than they would be in the absence of man. 

If continuous forest covered the northern shores of Lake Victoria, it might be rich in 
monkeys, fruit-eating bats, squirrels, tree hyrax, giant forest hog and blue duiker. The 
large mammals — the bushbuck, the buffalo and the elephant - all of these would be 
encouraged by clearing of ])atches of the forest, for they prefer the combination of closed 
forest and open grassland or woodland. Many of the other antelopes, the zebra and the 
wart hog, all of which like short grass country, these would be encouraged by human 
influence in cutting down forest and woodland and in keeping the grass short by annual 
burnings. And these larger animals have a great influence on the pattern of human 
settlement in the less populated areas, for they may do so much damage to crops as to 
render cultivation unprofitable. The inhabitants of small, isolated settlements often give 
up the struggle against the ravages of elephant, of buffalo or even of wild pig, and take up 
their abode in more densely settled areas, from which the animals have been driven away. 

The bird population of this countryside is exceptionally rich both in numbers of species 
and of individuals; human influence, by inducing a pattern of forests, grasslands, cultiva- 
tions and settlements, a pattern so well suited to a diversity of birds, undoubtedly has 
encouraged many species. If the area near the lake had been under continuous forest, 
it would no doubt have been rich in species suited to forest conditions — parrots, plantain 
eaters, hornbills, pigeons and warblers. But the man-made cultivations and grasslands 
have provided food and territory for many other groups which live in open country or 
which feed on grass seeds, groups like the doves, the finches and waxbills, the widow birds 
and sunbirds. And the density of settlement has encouraged other species which flourish 
near human dwellings — sparrows, swallows, wagt.ails and weaver birds. As there is now 
such a diversity of plant communities on any one hillside, so there is also a great diversity 



166 The vegetation of some hillsides in Uganda 

of bird communities; the birds of forests, the birds of grasslands and the birds of habita- 
tions are all to be found on a single hill. 

The ooaction of man and insects in Uganda 

Mention has been made of the fact that the Mabira Forest in the east of the Mengo 
district has sprung up in an area where settlement is discouraged by the Simulnim fly 
which breeds in the Kiver Nile. This is a minor example of the way in which the distribu- 
tion of human population is influenced by that of insects. 

The tsetse flies, which abound in so many parts of tropical Africa, are a most important 
group in this respect, for the trypanosomes which they carry have killed out the popula- 
tions of men and of cattle from many areas. The fly belts are not static ; they advance and 
retreat and their cumulative influence on settlement and grazing and, in consequence, on 
vegetation, is impossible to assess. One minor instance of this influence is to be seen in 
the recent loss of stock at Seyajongo. The tsetse flies have an indirect effect as well, for 
it is known that their spread is retarded by grass fires, a method of control widely used 
by African tribes and which tends to prevent the regeneration of trees. 

Even the distribution of the honey bee has had a great influence on African vegetation, 
on account of the fires lit to smoke the bees out when honey is gathered. This effect can 
be seen far from the limits of human settlement, especially on the mountains, where the 
fires have produced great changes in the vegetation. It seems that fires have induced 
grasslands in place of the original shrubby vegetation of mountain moorlands (Thomas, 
1944), and fires have also destroyed huge stretches of mountain forest. There are belts 
of upland bamboo {Anmdinaria alpina) on some mountains in East Africa, while on others 
the plant is absent. The most feasible hypothesis to account for the distribution of this 
species is to regard its growth as secondary; that, just as a thicket of elephant grass will 
take the place of forcwst at an altitude of about 1100 m., so also a thicket of bamboo 
will take the place of forest at an altitude of about 2200 m. The hypothesis is supported 
by the way in which the forest spreads into the bamboo and shades it out. 

Termites are undoubtedly a very important group in tropical ecology. They destroy 
much plant material but, by their action in concentrating nutrients, they render it possible 
for woody growth to start in places where, without them, the soils would be too poor. 
They have a great influence on human life, for they rapidly destroy many human dwellings 
and new ones must be built. But, when the termites swarm at the beginning of the rains, 
they are collected in large numbers for food and are greatly relished ; and on this account 
their mounds are not often destroyed. The construction of motor roads seems to favour 
Termes bellicosus, as the banks beside the roads are chosen as the sites for mounds, which 
are built up at frequent intervals, sometimes so close as to produce an architectural effect. 
Roads, as well as cultivations, have a great influence on tropical ecology: they act as 
barriers to grass fires and they encourage the movement of animals, and especially of 
some insects such as tsetse flies. 

The best known coaction between insects, disease and man is, perhaps, the spread of 
malaria by mosquitoes, and it is recognized that this spread has had a great influence oh 
history, not only in the tropics, but in temperate countries as well. Mosquitoes are 
abundant in Uganda, and malaria is prevalent. The Baganda did not connect the fever 
with the insect, although they did know that there were different strains of the disease 
and that a man who might be immune to malaria in his own home was liable to develop 
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fever in another district — a fact which was attributed to the drinking of water from another 
river. (It seems that the connexion between malaria and mosquitoes was long known on 
the Somaliland coasts, for Burton (1856) records in a footnote: 'The mosquito bites bring 
on, according to the same authority (the Somalis), deadly fevers; the superstition probably 
arises from the fact that mosquitoes and fevers become formidable about the same time ' ; 
that was written about forty years before the connexion was proved by Ross.) 

Although the Baganda did not know that mosquitoes carried malaria, yet they avoided 
the insects because of the annoyance they caused; it is mentioned in the discussion on 
Bujumba catena that the Sese people built their houses on the hilltops to avoid the 
mosquitoes by the lake. For the same reason, the houses on the mainland were built on 
the hills; even in places where there w^ere no swamps in the valleys, mosquitoes could 
breed in the water standing in deep hoof marks on the valley grasslands; so the Baganda 
dwelt on the sides or tops of the hills, although that entailed more labour to carry water 
up the slopes. (3ne catena described shows an exception to this rule — that at Nansagazi — 
but this appears to be the exception which proves the rule, for there is a strong land 
breeze during the night at this place and mosquitoes are scarce even near the shore of the 
lake. 

No other reason for the choice of dwelling sites on hills is put forward by the Baganda: 
the low hills were of little use for defence ; and there was no question of endeavouring to 
get a good outlook, for the houses w'ere almost always arranged to face the hillside, with 
their backs to the view\ Only one class tended to hve in the valleys — the herdsmen, in 
whose kraals and huts very smoky fires were maintained to keep flies awniy from the stock; 
the cows stood in smoke so that they could keep quiet while being milked; and this same 
smoke would drive away the mosquitoes. 

It therefore seems that the pattern of human settlement in Uganda has been largely 
determined by the prevalence of mosquitoes, and that, because the people were driven 
to settle on the sides and tops of hills, the soils became enriched there, rather than near 
the base of the slopes as would be expected from the climatic causes of soil formation. 
And, as shown above, the pattern of soil fertility has influenced the pattern of vegetation. 
These actions, reactions and coactions between insect, man, soil and plant furnish a good 
illustration of the necessity to regard the plant-animal formation as the basic com- 
munity unit (Clements & Shelford, 1939). 

The importance of human influence in tropk^al ecology 

As it has seemed necessary to describe both the vegetation and the soils in some detail 
in order to show what differences occur in a small space, it has been necessary to confine 
the description to six hillsides in a small area of country. But many of the phenomena 
recorded here have been noted in otlier countries: for example, the occurrence of red soils 
and black soils in close proximity, where no obvious reasons for the differences in colour 
are visible, has been recorded from Tanganyika (Milne, 193(5), from South Africa 
(Marchand, 1924) and from India (Raychaudhuri, 1941). Similarly, the arrangement of 
soils in a catena in the Nigerian cacao belt, described by Vine (1941), has much resemblance 
to that seen in Uganda. The diversity of theories about the formation of lateritic iron- 
stone in many countries shows how^ difficult it is to explain its occurrence on climatic 
or topographical factors alone. The red earths of Uganda are more fertile than the 
‘laterized’ soils of some other countries near the equator, especially those with heavy 
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rainfalls where the soils are badly leached; but it is probable that there has been the same 
cycle — forest, cultivation, forest— over many hot, wet areas; and it is probable that, in 
many places, the cycle has been repeated again and again. 

The size and complexity of the ancient buildings in Central and South America, in 
Ceylon and in Indo-China are evidence of the civilizations which have flourished near 
the equator. There are no such spectacular ruins in equatorial Africa but, even in Uganda, 
there is evidence of a highly organized society in times past — the present day African is 
unlikely to have built the earthworks at Biggo or the dams at Ntusi (both places lie in 
the Masaka district, south-west of the Mengo district). Such large remains are scarce 
and in other places the evidences of man are less easily perceived — there may be a few 
worked stones, a pit dug for iron ore, some slag from iron smelting, a grindstone or some 
pieces of broken pot; and, as mentioned above, the pottery is often recent, as much of it 
disintegrates quickly in the soil. 

But, in many parts of Uganda, even these slight indications of human activity are 
missing ; the evidence must be sought in the vegetation and in the soil itself. The secondary 
nature of the vegetation even in forest areas is strong evidence of past interference; 
Eggeling (1940) has shown that little of the Budongo Forest has reached the Cynometra 
Alexandra climax, and that the forest is spreading rapidly. The Mabira Forest is even 
younger, as is shown by the high proportion of the short-lived, soft- wooded trees; and 
the soil itself provides evidence that it has been greatly altered by human activities, 
evidence depending not only on its red colour, but also on the way in which it has been 
scored with deep gullies, such as could not have been formed under a forest cover, and 
the way in which differences in soil reaction are localized, acid and alkaline soils being 
found in close proximity. There seems to be an interesting correlation between soil 
alkalinity in the Mabira Forest and an abundance of Dracaena fragrans in the under- 
growth, for this Dracaena is much used as a hedge plant near dwellings and it is probable 
that it has persisted in the forest long after the houses have gone. There is a great contrast 
between the young Mabira Forest, the young parts of the Budongo Forest and the older 
forest in Bwamba, on the west of Uganda — an extension of the Ituri Forest of the Belgian 
Congo. This Bwamba Forest consists largely of a pure stand of rather small Cynometra 
Alexandra, growing on a grey soil, and it is probable that it has been little altered by 
man. 

It is very difficult to account for the present vegetation formations in Uganda and in 
other parts of equatorial Africa, unless allowance is made for the effects of human 
influence in many places. Michelmore (1939) has tried to explain the distribution of open 
grasslands in Africa on the assumption that they are primary formations and has evolved 
ingenious explanations as to why the grass grows often on deep flat soil, while the forest 
is on rocky steep places. It appears much simpler and more logical to regard the vegeta- 
tion of equatorial Africa in the same light as Cook (1909) regarded the vegetation of 
Guatemala : ‘ The driest and most sterile localities, those too forbidding for human occupa- 
tion, have retained their forest growth, scarcely excepting sheer precipices and exposures 
of bare rocks. The regions which are now treeless and barren or covered only with grass 
are those naturally well suited to the growth of forests, for the formation of fertile soil 
and for human occupation. Indications of prehistoric agriculture are found in all the 
desiccated areas, as well as in other regions now covered with forests. The abundance 
of rubber and other temporary types of trees and the absence of humus-inhabiting 
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arthropods and forest palms enable regions of recent reforestation to be distinguished 
from forest of older growth. Facts of several different kinds thus support the conclusion 
that the Central America region had a continuous forest covering before the advent of 
agricultural man. If human interference were withdrawn, the normal growth of the 
vegetation would again cover the Central America region with dense and continuous 
forests.’ 

There seems to be a very close y)arallel between conditions in Guatemala and conditions 
in Uganda, even to the abundance of rubber-producing plants in the younger forests; 
for a wartime drive for rubber production has shown that both the wild rubber trees 
(Funturnia dastica) and vines (Clitandra orientalis and Landolphia spp.) are (diaracteristic 
of certain phases of forest regeneration. 

Plant growth is very rapid in warm and wet regions and tliere has been a tendency to 
regard any forest of large trees as of great age, and even to say it is ‘virgin’. But there 
does not seem to be much virginity left in most parts of equatorial Africa, for little of 
the vegetation is in the climax stage. 

The European conception of Afrh^a is largely founded on the writings of ex})lorers and, 
of these, Stanley's books had a great vogue. Stanley visited Uganda twice and described 
his travels in Throncjh the Dari: Continent and in Darkest Africa \ and he wrote in a strain 
to match the titles. But even Stanley had to convey to his readers how much of the 
country was cultivated he thus described the countryside near Kampala on his first 
visit in 1875: ‘Beautiful landscapes were thus enjoyed of rolling lands and placid lake, 
of gigantic, tamarinds and gum-trees, of extensive banana groves and plantations of the 
ficus, from the bark of which the national dress, or mbugo, is made.’ (Stanley, 1878.) 

Speke, who visited Uganda thirteen years before Stanley, wrote thus of the vegetation 
in 1862: ‘The broad road, like all in Uganda, went straight over hill and dale, the heights 
covered with high grass or plantain groves, and the valleys covered with dense masses 
of magnificent forest-trees surrounding swamps covered with tall rushes, half bridged’ 
(Speke, 1863). 

Grant (1871), who accompanied S})eke, wrote of Uganda: ‘These ridges and mounds 
of rock and clay are of a uniform height, their flat tops are covered with a woody reed, 
10 feet high {Pennisetvm Benthamii): their sides are boulders in red clay, a few trees 
appearing amongst the rocks: lower down field upon field of plantains and of grains 
mark the dwellings of the people ; and at the lowest depths we have the vilest bogs, con- 
cealed by the beautiful papyrus, magnificent trees, and creepers.' This is a good sum- 
mary of the liillside at Mpambire, over w^hich Grant probably passed on his way to 
Kampala. 

Emin Pasha (1888) made these notes on Bunyoro in 1876: ‘Many fields of sesame, 
durrah plantations, half withered for want of rain, scattered banana groves, and many 
huts, at present deserted by their inhabitants, indicate a very dense population. . . .Many 
glades are seen in which tree-like Solaneae grow luxuriantly with orange, red and yellow 
fruits; they point to former cultivation, as do many bananas and deserted hearths. 
And of his journey in the same year from Bunyoro south to Kampala: 'From village to 
village, or rather from beer-jug to beer-jug, w^e marched.’ And, finally, Portal (1894) 
described the journey from the Nile to Kampala in 1893 : ‘ We have been wandering through 
a country consisting entirely of banana groves, which took about five days to get 
through— miles and miles of bananas.’ 

J. Ecol. S3 
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It is only eighty years since the first Europeans came to Uganda, but it is known that, 
through all tliat time, a great deal of the land has been under cultivation. The plant 
communities have been influenced not only by climate and edaphic factors, but by bio- 
logical factors as well : human influence has played a major part in determining the present 
vegetation of the countryside. And that is the reason why it has seemed worth while to 
study the ecology of such an area, for the changes which have been, and are being, 
produced by man are of the greatest economic importance. 

Worthington (19118) lias stated: ‘Where agriculture is highly developed, as in most 
parts of Uganda, an ecological survey in tlie usual sense would be mainly of academic 
interest.’ But, in order to get a true picture of Africa to-day, it is essential to consider 
the whole community — the climate, the soil, the plants and the animals, including man. 
There is a multitude of problems connected with plant ecology in Africa, problems such 
as the reason why so many of the trees typical of secondary forest growth should contain 
latex, although they belong to widely separated families such as the Apocynaceae, the 
Moraceae, the Euphorbiaceae, the Sapotaceae and the Guttiferae. And why, as Michel- 
more (loc. cit.) has pointed out, there should be swamp forests in regions of heavy rainfall, 
but none in the drier areas is it a question of soil reaction, that trees cannot tolerate 
the alkaline soil reactions of the dry area swamps, where lime is often de})osited as con- 
cretions? Or are physical factors involved, for the trees in swamps which are always 
wet can subsist on a superficial root system, while those which grow in seasonal swamps 
must have deep roots which may not be able to withstand the strains of tenacious clay 
soils, expanding in wet seasons and contracting in dry seasons? Human influence seems 
to have little bearing on such problems, but it seems to have a great bearing on the 
present distribution of the vegetation. 

Not only is it essential to pay regard to human influence in African ecology, but also 
it is essential to remember that there have been great climatic changes, which have had 
a profound influence on life in the continent (Moreau, 193‘1). There is much evidence 
that the forests once covered much greater areas and that there was a forest belt con- 
necting equatorial Africa with tropical Asia. Not only have there been great changes in 
the climate but also in the human population, for it seems that the negro element repre- 
sents a fairly recent immigration from Asia. If there was a great belt of forest at the time 
when this immigration took place, it is possible that the bananas might have been brought 
in overland from Asia; this would accord with the tradition that Kintu, the mythical 
founder of the race of Baganda, brought the banana from the east. 

The population of plants also has changed for, apart from sorghum and finger millet, 
the more important food crops of equatorial Africa are from other continents — bananas, 
sweet potatoes, yams, cassava, maize, beans and groundnuts. The (uiltivation of these 
exotics has had a great influence on the pattern of the indigenous vegetation. And, 
just as it is the plant communities, rather than the human artefacts, which testify to 
human settlement in Africa, so also it is the abundance and antiquity of introduced food 
plants which demonstrate the amount of contact between central Africa and the outside 
world, rather than the few ancient blue glass beads and the cowrie shells which give 
evidence of external trade. 

Until about fifty years ago, slaves and ivory were the most important exports from 
Uganda; but now the protectorate is a prosperous country, with large exports of agricul- 
tural produce— cotton, coffee and oil seeds are some major products. And. with them, 
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each year, there is exported some of the country’s reserve of plant foods of phosphates, 
of lime and of potash. While there was no export trade and while cultivation was restricted 
to the growing of food crops, which were consumed locally, the soils of Uganda could 
maintain their fertility; but now, not only are large amounts of plant food being exported, 
but also the land often does not revert to grassland long enough to recover its structure 
and fertility. 

It is possible that the grass fallows will prove insuflicient to (‘.ontrol erosion as pressure 
on land increases and that terracing, as is done in densely populated countries of the 
Kast, will be necessary; ri(‘,e, which produces so large an amount of human for 1 per acre, 
may have to become a croj) of greater importance in those jiarts which are suited to its 
growth. And it may be necessary to import manure on a larger scale for. as Worthington 
(loc. cit.) points out, the imports of fertilizers have been very small. 

Ex Africa semper aliquid novae. But many new pcojde, many new crops and many 
new cultures have flowed into Africa; and it is essential that the flow of new ideas and 
new metliods should c’ontinue, in order that man may cope with the rapidly changing 
conditions in the continent. 

Summary 

1. The catena system is used to describe the belts of vegetation on six hillsides in 
Uganda. One of these hillsides is on the 8ese Islands in Lake Victoria, the other five 
lie between Lake Victoria and Lake Kyoga; the hills are in the ecpiatorial belt, but the 
rainfall diminishes from over 2()()0 mm. in the south to less than KKM) mm. in tlie north 
of the area in which they lie. 

2. There are great difierences between the plant formations of the zones on each hill. 
In general, the tw o most southerly catenas show^ belts of short grassland on the hillsides, 
wuth closed evergreen forest on the t()j)s of the hills and at the bases of the hills; the two 
central catenas are remarkable for the thickets of elephant grass on the hillsides; the 
two northern catenas have woodlands on the tops and the sides ol’ the hills, and more or 
less open grassland in the valleys. 

3. All of the hillsides show^ much evidence of past and i)resent human influence and 
some of them are carrying a dense human population at the ])resent time. As a rule, the 
houses and cidtivations are situated on the sides and to])s of liills. rather than in the 
valleys. 

4. Short descriptions are given of the soils, and the results of sim])le tests on them. 
There is a great diversity of soils on each hillside, a diversity of colour, of reaction, and 
of the content of phosphate, lime and potash. The soils w here the |)eo])le are li\'ing and 
cultivating are usually redder in colour and richer in nutrients than those of uninhabited 
zones. 

5. The secondary nature of the vegetation is discussed and the wavs in wdiich Juan 
has altered the plant formations, by cutting down forests, by burning, by the conscious 
or unconscious encouragement of some indigenous species and by the introduction of 
exotic species. 

6. It is suggested that the formation of some red earths and of some lateritic ironstone 
may be attributed to human influeiuie and that there is suflicient evidence of the antiquity 
and density of human settlement in Uganda to account for these eflPects; without human 
influence it is unlikely that plant nutrients would be more abundant on the tops and 
sides of hills than in the valleys. 
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7. The ooaction of man and animals is discussed: the clearing of forests has produced 
conditions suited to some mammals, and human settlement has led to an increase in the 
bird population, both in numbers of species and in numbers of individuals. The coaction 
of man and insects is also discussed and it is surmised that the abundance of mosquitoes 
in the valleys has caused human settlement to be concentrated on the sides and tops of 
hills, and that it is therefore indirectly responsible for the present pattern of rich soils 
and poor soils. 

8. Human influence is a factor of great importance in tropical ecology, and must be 
considered in relation to the present aspect of vegetation in equatorial regions, and to 
the changes which are taking place. 
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THE MORA FORESTS OF TRINIDAD, BRITISH 

WEST INDIES 

By J. S. beard, Colonial Forest Service 
( With six Figures in the Text) 

I. Description of the forests 

Location, The mora forests of Trinidad in the West Indies are tall evergreen forests, 
in which Mora excelsa Benth. is both dominant and gregarious. They are sharply bounded 
and the mora is not found outside its gregarious assemblages. Mora forest occurs in 
several different parts of the island, and the blocks of mora forest are of very varying 
size. The largest area (Fig. 1) is in Mayaro, the south-east corner of Trinidad. Another 
block, almost as large, covers the foothills in Matura at the eastern end of the Northern 
liange and there are smaller areas in Cedros, at Faria Bay, behind the Nariva Swamp, 
in the Aripo valley and at Mount Harris. The size of these forest areas (calculated by 
planimeter from aerial survey) is approximately as follows: Mayaro, 21,750 ha.; Matura, 
13,100 ha.; Cedros, 1440 ha.; Faria, 486 ha.; Nariva, 208 ha.; Mt Harris, 8 ha.; Aripo, 
2 ha.; total 30,993 ha. (91,400 acres). This amounts to 17% of the remaining area of 
natural forest and swamp in the island. 

Structure, physiognomy and reproduction. The structure of mora forest is demonstrated 
diagrammatically in Fig. 2, which is a scale drawing of an actual typi(ial strip of forest 
200 ft. (61 m.) long and 25 ft, (7*6 m.) deep measured in the Mayaro district. There is 
a continuous canopy layer at about 37-43 m. froni the ground, the trees being fairly 
regularly spaced and allowing few or no gaps. Viewed from the air the canopy of 
mora forest has the same undulating but continuous character as the waves of the 
sea. Individual crowns are shaped in conformity with the adjacent ones which tliey 
touch, fitting together into a most striking mosaic. Mora itself commonly supplies from 
85 to 95%) of the trees forming the canopy layer, the height of whi(*h is most usually 
about 40 m., though the writer has measured one tree in (Wros of 58 m. (190 ft.). 
Below the canopy layer two discontinuous tree strata, a middle and a lower story 
at 12-25 and 3-9 m. respectively, can be vaguely distinguished. 

For comparative purposes a similar diagram is given (Fig. 3) of the structure of the 
‘crappo-guatecare’ {Carapa-Eschweilera) forests, which are the most widespread type of 
non-mora moist evergreen forest in Trinidad and adjoin the mora forests in most places. 
The same three tree stories can be recognized at similar levels, but the u})permost is 
very discontinuous, consisting of only a few scattered big trees. (Canopy is formed by 
the middle story and the relative numbers in the middle and lower stories are much 
increased. Viewed from the air these forests appear very irregular, an o(‘casional tall 
outstanding tree or a patch of such trees amid shorter growth. 

Mora forest contains a remarkably large number of big trees. While the average number 
of individuals per 100 acres (40 ha.) over I ft. (30 cm.) girth is about 13,000 compared 
with 15,000 in the mixed crappo-guatecare ((7amj9a-/f^T/i?/>ci/cm) forests, the number 
of trees over 6 ft. (183 cm.) girth is 1725 and over 10 ft. (3-05 m.) girth 450 compared 
with 500 and 60 respectively. 
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Lianes are poorly developed in this ty^pe of forest; large, thick ropes are rare and 
crowns relatively little encumbered. Epiphytes are largely confined to the crowns of 
the big trees and do not often grow lower down. Bromeliads with various aroids, chiefly 
Anthurimn hookeri and Philodendron spp., are the principal epiphytes. Orchids may be 
rated as occasional, and epiphytic ferns as rare. 

The mora tree is remarkable for the very large size of its plank buttresses, which may 
spread over 2 m. from the trunk and commonly spring more than 3 m. from the ground. 
The bark is brownish and scaly, about 5-7 mm. thick, hard and tough. The blaze is pale 
brown, the sapwood white, the heartwood deep red-brown. The timber is hard, and 
though resistant to termites it is susceptible to fungus attack and therefore is not durable 
when in contact with the ground. Mora is evergreen and has pinnate leaves of 6-8 meso- 
phyllous leaflets, which are thin and papery, with a long drip-tip. Flush leaves are 
pinkish brown in colour. Flushing takes place over the whole tree at once and usually 
over the whole forest also, at which times the canopy is a striking sight. No observations 
have been made on the periodicity of flushing. 

Shrub, field and ground layers in the forest are composed almost exclusively of young 
mora seedlings and saplings, which form a dense, scarcely penetrable growth. The small 
palms Geonoma vaga, Bactris cuesa, B. major and B. sirnplicifrons may become locally 
frequent; other plants may include lleliconia spp., lsehnosiph()n arouma and Calathea 
discolor, but all are quite subordinate to the young mora. 

Mora forest as a whole seeds abundantly every year, though individual trees may not 
do so. The seed, whicli falls during the second part of the wet season (November - 
December), is a heavy bean about 7-10 cm. in length and weighing nearly 0-5 kg. It 
naturally falls only beneath the parent tree, but the seedling produced is vigorous and 
able to stand heavy shade, so that the forest floor is densely carpeted with mora seedlings 
of 1 m. high and upwards. On germination the seedling grows very fast, attaining a 
height of 80 cm. in a few months, after which growth is slow, the plant just existing in 
the heavy shade, awaiting the appearance of a gaj) in the upper canopy. Counts l)y the 
writer in the ground layer showed an average per sq. m. of eleven mora seedlings from 
80 to 150 cm. in height, two from 1-8 to 3*7 m., and one plant other than a mora. 

Floristic cornposiim^^^ In Table 1 is shown a liwst comyjiled from 1000 chains (20*1 km.) 
of belt transect records in the Mayaro district to indicate average stocking per 100 acres 
(40 ha.) of mora forest. The total number of species in the assemblage is large, eighty- 
seven different local names having been recorded, some of which cover a group of two 
or more botanical species, but Mora excelsa is dominant to a marked degree, particularly 
among the larger size classes. Mora, in fact, provides 62*1 % of all trees listed over 1 ft. 
(30 cm.) girth and 95*5% of those over 6 ft. (183 cm.). This means that mora is nearly 
twice as abundant as all the other associated trees put together, and that 95*5% of all 
the trees forming the forest canopy are mora. 

In a similar list showing the average composition of the predominant type of sur- 
rounding non-mora forest, the crappo-guatecare forests (Carapa-Eschweilera) (Table 2), 
it will be seen that the composition is almost exactly the same as that of the mora forest 
with the single important exception that mora is totally absent. The associated species 
are relatively more abundant, thus compensating for the absence of mora and bringing 
the total number of trees per acre to roughly the same figure. 

In the north of the island, in Matura, the crappo-guatecare forests contiguous to the 
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mora are of slightly different composition, belonging to a different faciation. The com- 
monest species are Aniba panurensis, Pachvm insignis, ^HlercuUa carlhaeo, Vhimarrhif^ 
cymosa, Carapa guianensis, Licania higlundulom, Dimpyros ieremsis and Brownea laliJoUa. 
The mora forests of this locality are also of different composition from those of Mayaro. 
Mora is slightly less abundant, providing 41-5% of the trees over 1 ft. (:?Ocm.) girth 
and 86-0% of those over 6 ft. (183 cm.), but the associated species are the same and 
show the same relative abundance to one another as in the contiguous cra|)])o-guatecare 
forests of the locality. 



Fig. ]. The dintrihiitioii of mora and other forest land in Trinidad at the present da\ . 


On the alluvial flats of part of the Matura forest, mora forest adjoins a more specialized 
type than the common crappo-giiatecare, a forest which is strictly a transition or ecotone 
between the crappo-guatecare and the 'galba-palm’ (rV//f>y>Ay//ww-lhdniae) marsh forests 
of the Long Stretch area farther west. This is a rather low^er forest with great abundance 
of the palms Jessenia oligocarpa and Mamcaria saccifera in the lower levels. Here, too. 
the composition of the mora forest conforms to that of its neighbour. 

Along the south and west boundaries of the Mayaro mora forest drier conditions have 
produced a slightly more xerophytic forest than the mesic crappo-guatecare which 
belongs to two different associations, the ‘ aciirel-moussara ' {Trichilia-Brosihnu^^^^ - 
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The Mora Forents of Trinidad, British West Indies 

Estimated average, rxtrn/position, per 100 acres (40 ha.). Mora forest in Mayaro 


‘T’ indicates palm. 



('Feole name 

Botanical name 

1-2 

2-3 

3—4 

4-5 

5-6 

6-7 

1. 

Mora 

Species attaining canopy layer 
Mora exceha Bentli. 3413 1147 

658 

435 

4a) 

353 

2 

(-raf)po 

Cara pa guiaum.sis Aubl. 

477 

313 

177 

129 

91 

15 

3! 

Olivier inangue 

Tmn inalia dichotoma G. F. W. Mey. 

50 

39 

26 

34 

18 

8 

4. 

Bloodvvood 

Plerorarpus rohrii Valil. 

17 

11 

14 

10 

6 


5. 

Hogplum 

Spondia.'t mornhin L. 

16 

14 

9 

6 

4 

'3 

6. 

Bois inulatro 

No. of species 5. 

Species attainit\g middle story 
Pentaclethra marroloha (Willd.) Kimtze 182 159 

80 

15 



7. 

Wild chataigne 

Pachira insignis (Sw.) Sav. 

88 

24 

20 

1 

*1 

1 

8. 

Black he art 

Claikrntfofns hrachypetala (Tub) Kleinh. 

66 

30 

18 

3 

3 

1 

9. 

Mahoe 

Sterculia earihaea ll.Br, 

78 

34 

4 

2 



10. 

(Juate(!are 

Kachweilera snhglanduUmi (Steud.) Miers 

37 

13 

8 

4 

2 

2 

11. 

Yellow mangue 

SynipJiania globvlifmi L. fib 

33 

14 

9 

2 

1 

1 

12. 

Toporite 

Ilemandia snnora L. 

17 

17 

16 

0 

2 

2 

13. 

Monkeybone 

Mnuriri rhizopkoraefolia DC. 

12 

12 

12 

4 

2 


14. 

Kedwood 

Guar fa guara (Jacq.) P. Wilson 

12 

8 

5 

• 8 



15. 

Tiaurier canelle 

' A niha panurmsis Me?., and 

6 

6 

14 

1 

’2 

’1 

16. 

17. 

1 

Pois doiix 

A. t.nnitati<i (Meissn.) Mez. 

Tnga spp. 

Manilkara hidentaUt (A. DC.) Chev. 

14 

6 

2 

i) 



18. 

Balata 

10 

4 

7 

2 

*1 

1 

19. 

Malbalata 

Pouteria minutijfara (Britton) Sand with 

10 

1 

6 

4 

3 


20. 

Bois charbon 

JHoapyrodt iermsis Britton 

16 

2 

2 

1 

2 


21. 

('ajiica 

Virol a Surinam ensis (Bob) W^irb. 

6 

8 

4 

2 

1 


22. 

Angelin 

Bois bonne 

Andira ine/rmis (Wright) H.B.K. 

8 

3 

5 

3 


1 

23, 

Guazuma ulmifolia Larn, 

5 

2 


0 

*1 

24. 

Waterlocijst 

Crudia glaberrima (Steud.) Ma<‘.bride 

4 

2 


2 

1 

1 

25. 

Olivier J 

' Teminalia ainazonia (J. F. Gmeb) Kx(‘lb 

0 

u 

1 

2 

1 

. 

2 

26. 

27. 

1 

Tiaiiriei- mattack 

Buchenavia capitata (Vahb) Eichb 

Nectandra sunnamensis Mez. 

2 

1 

1 

1 

1 


28. 

Puni 

Pithefelhhiuni jupunha (Willd.) Urb. 

2 

1 


1 


1 

29. 

Goodbread 

Pisonia salici folia Heimerb 

1 

1 



*2 


30. 

Poui 

Tahfhuia ruffscens J. R. Johnst. 


2 


, 

2 


31. 

Conors 

Lonchocarjnis sericeus (Poir.) H.B.K, 

I'agara tnnitensis (Williams) J. S. Beard 


1 



1 

*1 

32. 

Bo.soo 



2 

‘1 



33. 

Tapana 

Hieronyma carihaea Ui‘b. 

* 1 



1 



34. 

Cannonball 

CouToupita guianensis Aubl. 




2 



35. 

Milkwood 

Sapium aumparium .Tac(j. 

’ 1 

' 1 





36. 

‘Arena’ sardine 

Peru arbor fa Mutis. 

1 



1 



37. 

Figuier 

Ficus tobagensis Urb. 





2 


38. 

Galba 

Calophylhirn IvAdum Benth. 


* 1 





39. 

Silk cotton 

Ceilm orndentalis (Spreng.) Burkill 




*1 



40. 

Black fiddlewood 

Vitex divaricata Sw, 



’1 




41. 

Acoina 

Sideroxylon quadrilondarf Pierr<» 




*1 



42. 

Sandbox 

Hum crepitans L. 





1 


43. 

Koble 

Platymiscium irirdtatis Bentb. 



*1 




44. 

Bois lissette 

Mouriri niarshallii Burl.t Davy cV Sandwith 



1 





No. of species 39, 
Species confined to lower story 


45. 

Bois pois 


Swnrtzia pinnata Willd. 

m 

61 

46. 

Cooperhoop 


Brownea latifolia Jacq. 

413 


47. 

Carat 

P 

Sabal sp. 


330 

48. 

Manac 

P 

Futerpe langloisii Burret 

228 


49. 

Cocorite 

P 

Maximiliana elegans Karst. 


’73 

50. 

Bois tatou 


Mudgea freemani Sprague & Williams 

68 

4 

51. 

Cocochat 


Hirklla racemosa Lam. 

31 

6 

52. 

Keskidee 


Vismia spp. 

30 

, 

53. 

Acurel 


Trichilia smiihii C.DC. 

18 

6 

54. 

Gatia 


Brosimum auhletii Poepp. k Endb 

20 

4 

55. 

Soiebo 


Rheedia sp. 

23 


56. 

Mahoe ))ijnent 


Daphnopsis carihaea Or. 

14 

7 

57. 

Bobs canon 


Cecropia peltata L. 

11 

6 

58. 

Wakamy 


Warszewiczia coccinea (Vahb) Kb 

10 

, 

59. 

Fmta paloma 


Hirtelh triandra Sw. 

5 

5 

60. 

Wild kainiit 


Chrysophyllum argenieum Jacq. 

6 

6 

61. 

Wild guava 


Myrtaceae spp. 

Casearia sp. 

13 


62. 

Pipe wood 


13 


63. 

Cuchape 


Coccohha latifolia Lam. 

12 

, 

64. 

Wild (U)ffee 


R'uhiaceae spp. 

Coccoloha faUax Lindau. 

8 

2 

65. 

Black grape 


10 


66. 

67. 

Wild casliima 


f Rollinia mucosa (Jacq.) Bail!. 

\^R. exsucca (Dun.) A. DC. 

8 

1 


295 

9 

4 

4 

o 


2G3 

4 


267 


1 


Over 


570 

1 

'l 

o 


7801 

1219 

180 

65 

59 


No. of individuals 9321 


436 

135 

121 

118 

66 

60 

56 

42 

33 

30 

28 

25 

24 

23 

21 

19 

11 

10 

8 

6 

5 

4 

4 

3 

3 

2 


2 
2 
1 
1 
1 
1 
1 
1 
1 

No. of individuals 1308 


462 

413 

330 

228 

73 

72 

38 

30 

24 

24 

23 

21 

18 

16 

15 

14 

13 

13 

12 

10 

10 

9 
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Table I {continued) 



Creole name 

Botanical name 

12 

2-3 

3-^1 4 5 5-6 6-7 

Ovei 

7 -8 8-9 9-10 10 

Total 

ti8. 

Wild orange 

Swartzia simplex (Sw.) S])reng. 

7 




7 

69. 

Niauri^ 

Calliandra fpuildingii Benth. 

5 




5 

70. 

Carirnbo 

Ouarea glabra Vahl. 

5 




5 

71. 

Wild eueoa 

Tommiia eggersii Ve.HCjue 

3 


’ 1 ! ! 


4 

72. 

Laylay 

Cordia .S))p. 

1 


0 


3 

76. 

Sardine 

Mironia sj)]). 

3 




3 

74. 

Wliiti^ gra|)e 

(U)craU)ha venosa Ij. 

3 




3 

3 

75. 

Bois flot 

Ovhroma py rami dale (Cav.) Urb. 

1 

* 1 

‘ 1 ! ! ! 


76. 

Hols toucan 

Laetia procera (Poiqq). & Kndl.) Eichl. 



3 . . . 


3 

77. 

Juniper 

Oenipa awerirana L. 

2 




2 

78. 

Laurier cypre 

Ocolea nhlonga (Meis.sn.) Mez. 

2 




2 

79. 

Maraquil 

Capania. amerirana L. 

T 

' 1 



o 

80. 

Iron wood 

Isertia parviflora Vahl. 

2 




2 

81. 

White Havonette 

Lorichaearpus purwtatus II.B.K. 

2 




o 

82. 

Wild imortelle 

Erythrina pallida Br. k, Rose 

1 




"i 

83. 

Palmiste P 

Hoystnnea nleraeea C(M)k 



1 


1 

84. 

Obi 

Trirhilia tritiitensis .lus.s. 

* 1 




i 

8.5. 

Beefwood 

Pisonia sp. 


’ 1 



i 

86. 

Courapara 

y 



\ \ \ '. 


1 

87. 

l)(*l)a.sse 

Ivageuia sj). 

No. 

’ 1 

of species 43, 



No. of individuals 

1 

1920 


Total IK), of spei'ics 87. Total no. of iiulividuals 12,r)r)2 or 12t) per acre fU-40o lia.). 


Tiible 2. mated averaije roniposifioa per 100 acres (40 Jia.). 
' Crappo-ihtaieeare ’ forest (( ^arapa-Esch weilera) 


Over 


(’reole nam(‘ 

Bolanieal name 

12 

2 3 

3 4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10 

Total 


Species hivoming 

‘inergiMd trees 










1 . Crappo 

( Vi ra pa gu Ian nisis A u 1 d . 

358 

220 

171 

2<M) 

102 

36 

27 

2 

3 

4 

1129 

2. Wild chataigne 

Parhira insigvis (Sw.) Sav, 

204 

1.35 

81 

79 

60 

19 

14 

5 

3 


(«)3 

3. Guatei’are 

Ksrlnreilera .subglanduhesa (Steud.) Mieis 

108 

69 

35 

30 

20 

2 

6 

1 

1 

i 

273 

4. Waterloi’ust 

('rudia glaherrima (SO'ud.) Maehri<h* 

157 

57 

29 

15 

4 

3 

3 



1 

269 

5. Mahoe 

Sterndia raribam B.Bi'. 

98 

32 

24 

35 

8 


0 

i 



200 

6. Yellow mangue 

Sym phonia ghihalifera E. (il. 

tl 

28 

36 

20 

6 

2 





136 

7. liog])lum 

Spondias rnamhtn E. 

26 

13 

28 

14 

J5 

14 

9 

■1 

3 

16 

136 

8. Pois d(jux 

Inga .sj)p. 

58 

28 

8 

16 

6 

5 





121 

9. Bloodwood 

IHerocarpas rohrii Valil. 

36 

18 

21 

18 

6 

1 

’1 

5 

.5 

2 

119 

10. Jigger wood 

Pravaisia integerrima (Spreng.) Standi. 

36 

32 

28 

6 

3 

2 

3 

0 



112 

11. ('ajuca 

rirola surinametisis (Bol.) Wai'b. 

40 

26 

16 

I 

8 

1 

3 

2 

3 

.5 

108 

12. Sackysac 

Iwpi sp]). 

30 

20 

18 

17 

6 

5 





96 

13. Toporite 

IJernandiu s<ynora E. 

16 

10 

20 

20 

6 

4 

1 

0 



82 

11. Balata 

Manilkara hideulata (.V.lK’.) Chev. 

5 

t; 

1 

6 

9 

5 

4 

3 

2 

3 

50 

15. PurplelK'art 

Pdtogyne porjihyrorardia Or. 

18 

6 

4 

o 

o 

2 


1 

1 

k) 

38 

16. ( 4 ) 1101 '^* 

Jjytuhncarpus serireus (Poir.) II.B.K. 

9 

6 

6 

.5 

3 

2 


1 


1 

33 

17. White olivier 

Terminalia amazonia (J. F. tunel.) F.xell. 

3 

4 

3 

6 

3 

4 

0 

0 

0 

3 

32 

18. Angelin 

.Indira inermis (Wright) TEB.K. 

8 

5 

4 

2 

1 

1 

0 


1 

. 

24 

19. Olivier mangiK^ 

Te-rminalia dirhotoma 0. F. W. Mey. 

6 

6 

4 

1 

2 


1 

i 

1 


09 

20. Tapana 

i/ieronyma caribaea Urb. 

2 

1 

4 

2 

4 

0 

0 

0 



19 

21. Black fiddlewood 

Vite.v divarirata Sw. 

4 

:i 

o 

4 


T 

T 

1 



16 

22. Cedar 

('edrela mexicana Ro(‘m. 

1 

1 


i) 

'3 

1 

2 

1 

i 

2 

14 

23. Roble 

Platymisciarn Irinifafis Beidh. 

3 

4 


O 

1 



1 

1 

. 

14 

24. Silk cotton 

Peiba orridentalis (Spreng.) Burkill 

1 

o 

o 

O 

1 

0 

1 

1 

1 


13 

25. >Sandb()x 

IJura < re pita ns E. 

1 

11 

3 


1 

T 


1 

1 

2 

11 

26. Figuier 

Ficus tohagensis Urb. 

1 

1 

o 


1 

1 

1 



3 

10 

27. liocust 

Uymenaea courhariJ E. 


1 


’l 


0 



i 


5 

28. Cannonball 

Couroupiia guiauensis Aubl. 

‘l 


1 







0 

4 

29. Acoma 

Sidernxylon guadriloralare I’ieri’e 




1 


1 

, 



1 

3 

30. Yellow olivier 

liuchenavui capitata (Vahl.) Field. 


1 



’1 


1 



. 

3 

31. Balsam 

('(ipaifcra offlriunlis I., 

. 




1 






1 


No. of .species 3E 





Total 

no. 

of individuals 

3696 


Specit‘.s attaining canopy 

layer 










32. Bois mulatre 

Pmtaclethra man-oloba (Willd.) Kuntze 

860 

716 

364 

20tl 

88 

12 





2249 

33. Acuwd 

2 'rickilia sm i thi i C . IX^ . 

134 

2(K) 

80 

25 

15 






454 

34. Redwood 

Ouarea guara (Jacq.) P. Wilson 

198 

81 

45 

12 







336 

35. Monkeybone 

Mourin rhiznphoraf folia DC. 

93 

84 

84 

43 

'9 






313 

36. Bois charbon 

JHospyros ierensis Britton 

67 

50 

29 

25 







180 

37. Blaekheart 

Chthrotropis brarhypetala (Tul.) Kleinh. 

51 

48 

32 

10 

4 

1 





146 

117 

38. Eaurier canelle 

f A niba panurmsis Me/., and 

43 

36 

19 

12 

7 






11 t 

39 . 

irinitatis (Meissn.) Me/.. 











110 

40. Bois canon 

Cecropia peltata 1 .. 

66 

23 

20 

3 







1 IJ 




180 

The Mora Forests of Trinidad, Brituh West Indies 




Table 2 (cmtinued) 














Over 



Creole name 

Botanical name 

1-2 

2-3 

3-4 

4-5 

6-6 

6-7 7-8 8-9 9-10 10 

Total 

41. 

Wild guava 

Myrtaceae spp. 

34 

32 

26 

6 



98 

42. 

Malbalata 

Pouieria tninutiflora^ (Britton) Sandwith 

33 

28 

15 

10 

4 

i ! ! . . 

91 

43. 

Fnita paloina 

Hirtella trmndra Sw. 

20 

32 

12 

3 



73 

44. 

Goinniiei’ 

Protium insiqne Engl. 

22 

18 

10 

8 



58 

45. 

Wild coffee 

Ktigenia cnnjusa DC. 

26 

16 

8 

0 



57 

46. 

Laylay 

Cordia 8pp. 

30 

1 

1 

1 



33 

47. 

Paimistc P 

Roystonea oleracea Cook. 


30 





30 

48. 

Juniper 

Oenifa ammcana L. 

k) 

5 

4 

*1 



30 

49. 

Sardine 

Miconia .spp. 

12 

8 

8 

1 



29 

50. 

Courapara 

? 

6 

2 

6 

6 

*4 


24 

51. 

Moussara 

Bronmum ulicastrum 8w. 

6 

5 

3 

4 

o 

1 . . . . 

21 

52. 

Bosoo 

Fayara irinitmsis (Williams) J. S. Beard 

5 

4 

5 

4 

2 


20 

53. 

Keskidee 

Vismid spp. 

n 

4 

3 

2 



20 

54. 

Wild ca.shiina 

RnlUnia mucosa (Jacq.) Baill. 

8 

4 

3 

4 



19 

55. 

Bois toucan 

Lactia procera (Poepp. k Endl.) lachl. 

5 

4 

4 

4 



18 

50. 

Wakamy 

IVarszewiczia noncin^a (Vahl.) Kh 

9 

4 

3 

1 



17 

57. 

White fiddlewood 

Vitex capitaia Vahl. 

4 

2 

4 

2 

*2 

1 1 ! 

16 

58. 

Bois I’orme 

(huizuma ulmifulia Larn. 

4 

4 

4 

4 



16 

59. 

Wild calabash 

Tabebuia sienocahjx Sprague tk Williams 

5 

3 

3 

2 

*2 


15 

00. 

(Toodbi’ead 

Pisonia cuspidata lleimerl. 

5 

2 

2 

1 



10 

01. 

Poui 

Tabebuia rufesrens J. 11. Jolmst. 

5 

3 

2 

2 

1 


13 

02. 

L’epinet 

Fagara martinicensis Lam. 

5 

4 

2 

2 



13 

03. 

Malioe [)irnpnt 

Daphuopsis caribaea Gr. 

4 

4 

4 




12 

04. 

Milk wood 

Bapium auxuparium ,lacq. 

3 

3 

2 

2 

*1 


12 

05. 

Puni 

PitheceUohium jupunha (Willd.) TTrh. 

2 


O 

1 

1 

1 . . . . 

9 

00. 

Sal tOsli wood 

Machaeriwm. robinifolium (IK^) Vogel. 

3 

*1 

2 

2 

1 


9 

07. 

Serrette. 

Byrsonima spicata (Cav.) Rich. 

o 

1 

2 

1 

2 


8 

08. 

Aconia pkjiiaiit 

Burnelia gnsebachii Pierre 

2 

2 

2 

1 

1 


8 

09. 

Bois hot 

Ochroma pyramidale (Cav.) Urb. 

2 

2 

1 

1 

1 


7 

70. 

Laurier inattai’k 

Neciandra martinicensis (Jac(|.) Mez. 

1 

1 

o 


1 


5 

71. 

Maracjuil 

Cupania americana L, 

2 

1 

1 




4 

72. 

Boia Jmsette ' 

Mourin marsJiallii Burtt Davy k Sandwitb 

2 


1 


1 


4 

73. 

Incense 

Protiurn guiancnse (Aubl.) Mar(4i. 

2 


1 




3 

74. 

Laurier cvpre 

Ovotea oblonga (Melssn.) Mez. 

1 

1 

1 




3 

75. 

Laurier ’/aboca 

Ocotea ghmerata (Nees) Mez. 

1 


1 




2 

70. 

JeretoM 

IHdymopanax morototom (Aubl.) Dene. & Planch. . 

’l 


’l 



2 



No. of species 45 





No. of individuals 

4716 



8pecie.s con lined to 

lower story 






77. 

Carat P 

Sabal sp. 


1493 





1493 

78. 

Cooperboop 

Brownea latifnlia Jac((. 

396 

256 

128 

4 



784 

79. 

Boi.s jioLs 

Swartzin pinnata Willd. 

166 

106 

fK) 

3 


. 

365 

80. 

Manac P 

Euterpe hingloisii Burr. 

312 






312 

81. 

White grape 

Coccoloha venosa L. 

204 

83 





287 

82. 

Black grai)e 

Cnccoloba faUax Lindau. 

187 

96 





283 

83. 

(hichape 

Coccoloha latifolia Tdun. 

108 

82 

1 




194 

84. 

('arinibo 

Guarea glabra Vahl. 

94 

58 

8 




160 

85. 

Bois tal'ou 

Rudgea freemani Siti'jigiK* Williams 

74 

31 

3 




111 

80. 

Deha-sse 

M}jrtaceae spp. 

108 






108 

87. 

Cocorite P 

MaximiHana elegans Kars! . 


m 





105 

88. 

Soieho 

Rheedia sp. 

54 

20 

3 




77 

89. 

Pi pew 00(1 

Casearia decan dra Jacq. 

60 

10 





70 

90. 

Palrua real P 

Jessenia oligorarpa Gris(*b. k Wendl. 


64 





64 

91. 

Wild orang(‘ 

Swartzia simplex (iSw.) Spreng. 

k) 

20 

'o 




56 

92. 

Wild kaiinit 

Chrysophyllum argenieum Jacq. 

15 

15 

8 

2 



40 

<)3. 

Cococ.bat 

HirteUa racemosa Lain. 

20 

15 





35 

94. 

Gatia 

Brosimum aubietii Poepp, & Endl, 

11 

10 





21 

95. 

Wild immortelle 

Fryihrina pallida Br. k Rose 

15 






15 

90. 

Wild sapodilla 

Marisonia americana L. 

5 

'l 





9 

97. 

Wild tamarind 

Basanacantha phyllosepala 8pr. k Williams 

8 

, 





8 

98. 

Cutlet 

(Htharexylum fruticosum L. var. Brittinni Moldenke 4 

2 

2 




8 

99. 

Marc 

Talisia hexaphylla Valil. 

7 






7 

](K). 

Lard wood 

Aegiphih iniegd folia (Jacq.) Jack.s 

4 

*2 





6 

101. 

Butterwood 

Maba inconstans Grisel). 

3 

o 

n 





5 

102. 

Bois la glie 

Ryania speciosa Vahl. 

4 

1 





5 

103. 

Beefw'ood 

Pisonia .sp. 

3 






3 

104. 

Gaspai'ee 

Esenheckia S])p. 

2 





. 

2 



No. of ajajcies 28. 





Total no. of individuals 

4633 



Total no. of species lOL Total ik). of individuals 13,045 

3r 130 per acit\ 



'gominier’ 

(Protium insigne) faciation — and the ‘purph 

heart’ (Peltogyne). The former 



is characteristic of sandy soils and the latter of red clays. 

The contiguous mora shows the 



usual conforming modifications and on some 

red clay ridges 

there 

is a mixed ‘mora- 



purpleheart’ forest. 
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The boundary of a mora forest is usually sharp; it shows up plainly in aerial photo- 
graphs and will seldom be found to correspond to any physical feature or any natural 
boundary to be seen in the field. Sometimes young sapling growth of mora continues 
for a short distance beyond the last large trees. In the Guapo district, however, scattered 
mora trees and small patches of mora are to be found strung out along stream l)anks 
above the main block of mora forest, and in the Ortoire Basin (part of the Mayaro 
district) Gunther (1942) has recognized two types intermediate between mora forest 
proper and crappo-guatecare, which he calls ‘Mora Mixed’ and ‘Mixed Forest with 
Mora’. He does not show their distribution to be at all wide. Apart from this, isolated 
mora trees can never be found in non-mora forests as they are in Guiana (Davis & 
Kichards, 1933 4). 

Habitat. The mora forests of Trinidad are found only in the lowlands and generally 
in their lower-lying parts. Mora forests in the north cover part of the valleys and foothills 
of the Northern Range, but are not found above an altitude where the crappo-guatecare 
forests of the lowlands would normally give way to mountain rain forests, nor are they 
found on any really steep slopes. The Paria and Aripo mora forests are confined to 
valley bottoms and lower slopes and the Matura forest reaches its limit at the foot of 
the main Oropouche ridge. The maximum altitude at which mora forest obciirs is about 
180 m. above sea-level. The great part of the Matura forest and of the other mora forests 
is situated at elevations below 60 m. and is sometimes undulating, sometimes flat and 
swampy. The southern part of the Matura forest stands on a series of alluvial terraces 
of various ages from Pleistocene to Recent, Drainage -both lateral and of the subsoil 
is throughout very bad, and in {)laces the mora occupies deep swamps, filled with water 
tliroughout the year. Part of the Mayaro forest covers the Ortoire, Moruga and other 
river basins and is low-lying and swampy. Part, on the other hand, covers a sharply un- 
dulating country of steep little ridges and deep ravines. In Cedros the Gua])o and Caj) de 
Ville areas are low-lying and follow rivers, but the Irois area is almost all undulating. 

There is thus no justification for correlating the presence or al)sence of mora witli 
topography. 

The mora forests are found in the wetter parts of Trinidad generally where the rainfal] 
exceeds 200 cm. per annum, though in some parts they receive as little as 150 cm. The 
year is divided into a dry and a rainy season, January-May and June December re- 
spectively. The dry season is never absolutely rainless, and there are frequently at least 
5 cm. of rain a month while it is in progress. There is usually a slight break (petite 
careme) in the rainy season about September-October, dividing it into two parts. Tem- 
peratures are tropical and somewhat equable. A comparison of the rainfall map (Fig. 4) 
with Fig. 1 shows that the distribution of mora is not directly related to precipitation. 

The soils beneath mora forests are very diverse, and most of the soil types of the 
island are represented. All are derived from sedimentary deposits, mainly sands, silts 
and clays. The resulting soils are brown or red in colour and may be either deep or 
shallow, friable or compact, freely draining or with impeded subsoil drainage. They are 
generally of low fertility, and no calcareous soils occur in or near the mora forests. In 
the low-lying, flat areas which comprise perhaps half of the total area of mora forest 
there are high water-tables which are presumably subject to seasonal fluctuation. Undu- 
lating landis are well drained, and there is not generally any water table in the accepted 
sense. There are thus no particular soil types characteristic of mora forest. 
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The greater part of the mora forests have been but little disturbed. Certain restricted 
areas have been cleared for agriculture and others have suffered from fire, but mora, 
except in war time, has not commanded a large market and the forests appear to be 
mainly in a virgin condition. 



■I Over lOOin. (254cm.) H 80-!00iii. (203 354cm.) m 65-80 in. ( 165~2U.3cnj,) 
55-65 in. ( 1 40- 1 65 cm.) [23 Under 50 in. (140cm.) 

Fig. 4, Rainfall map of Trinidad (after Marshall). 


II. Ecological relationships 

The problem. The distribution of mora forests of Trinidad does not appear to he 
limited by any discoverable environmental conditions or set of conditions. In the absence 
of any precise cause, it is puzzling to find that in certain restricted areas the mixed 
association of forest trees is replaced by a single species, which is so markedly gregarious 
that within the areas where it occurs it is twice as abundant as all the other associated 
species put together. 

MarshalVs conclusions. Marshall (1934) discussed the mora problem in detail and 
arrived at the conclusion that the species is invasive. He cited as evidence the dense 
growth of young saplings along the edge of mora forests, giving the impression of an 
onward march, the power of the tree to bear shade and the copious production of seed. 
He showed also that the species associated with mora represent the type of forest which, 
as far as can be judged, would occur in the area were mora not present. Marshall 
regarded all cases where mora appeared to be related to soil or other natural conditions 
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as purely fortuitous. Marshall afterwards restated his views (19.39), adding the qualifi- 
cation that the tree is ‘decidedly hygrophilous ’ [sic] and that it might be expected to 
invade readily where soil moisture is abundant and perhaps be unable to colonize a 
‘soil poor in water-holding qualities’. 

It seems unlikely that this view can be seriously challenged. It seems indisputable 
that mora is invading the crappo-guatecare forests, and that if undi.sturbed by man it 
would eventually come to dominate them over the whole island. We should not expect 
it to invade, except perhaps as a casual intruder, the Montane Forests, the 8emi-evergreen 



J^ig. 5. The probable vegetation of the Trinidad region at the close of the Pleistocene. 
Gallery forests have been omitted. 


and Deciduous Seasonal Forests, herbaceous swamps and savannas. Two secondary pro- 
blems, however, remain unanswered. AVhy is mora gregarious? Why is invasion taking 
place only at the present day ? 

Gunther\s conclusions, Gunther (1942) criticized certain of Marshall's views. His paj)er 
was originally written before the appearance of Marshall’s second work in 1939, and by 
the date of publication Marshall had already met the objections. Gunther found that 
in the Ortoire Basin mora became highly gregarious on flat and swampy areas, and that 
on sloping or hilly land it was not so clearly dominant or was even absent altogether. 
Gunther admitted his adherence to the invasion theory, but held that mora would only 




Acurel-iiioussara an|l 
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invade to the inaxiirium extent on swampy sites and that on rising ground its progress 
would be limited. 

Marshall s modification of his earlier standpoint in the matter of water relations seems 
more acceptable than Gunther’s view. Gunther, unfortunately, was dealing only with 
a very limited section of one of the mora forests, a section lying, moreover, on the very 
fringe of the main mora forest. At such a point, therefore, one might exjiect to find 
varying degrees of colonization, highly gregarious mora on sites most favourable to it, 
mixed mora on less favourable sites, since mora would probably invade the former more 
rapidly. This does not mean that the less favourable sites would not in time become 
completely colonized. Study of other mora forests, some of which are in mountainous 
country, proves this point. In fact, areas of mixed mora such as are described by 
(Tiinther are rare and occur only near the fringes of mora forests. Naturally mora has 
not a universal range. Certain sites will be hostile to it, but it would appear that these 
are not as numerous and widesjjread as Gunther holds. 

The mora forests of British GuUma. In the British and Venezuelan (jiiianas there are 
forests of Mora excelsa similar to those found in Trinidad. These have been studied by 
Davis (1929) in the North-West District of British Guiana and in the neighbourhood of 
Moral)alli Creek on the Esseepnbo by Davis & Richards (1933 4). Contrary to conditions 
in Trinidad, in the Guianas mora may be found as an occasional single individual in 
many types of forest. In the localities of British Guiana that have received study, it 
l)ecomes gregarious and forms definite mora forest chiefly on low-lying and swampy riverain 
flats with high water table. Even here it does not appear to be so markedly gregarious 
as in Trinidad, for at Moral)alli Creek, Davis & Richards (1933-4) found that M. excelsa 
composed 23*4% of the trees over 1 ft. (30 cm.) giith in mora forest. These authors were 
of the opinion that the o])timum conditions for the species are not those under which it 
l)ecomes dominant. The forests of the coast and near interior of Guiana are tall rain 
forests where the struggle for existence is, presumably, severe. Competition may l)e so 
intense on sites which are the o{)timum for mora as to relegate it to the status oi occa- 
sional. Mora, however, evidently will tolerate a very wide range of conditions, and on 
swampy sites with high water table, which Avould be adverse to most other species, it 
thrives sufficiently well to assume dominance and to form a gregarious mora forest. 
Davis & Richards found the same dense growth of young mora see<ilings and saplings 
covering the ground in mora forest as in Trinidad, but where a single individual occurred 
in another type of forest, such young seedling growth was to be observed only imme- 
diately beneath the parent. It would ap]>ear that young mora has considerable power of 
bearing the shade of its own species, but that a similar power does not exist with regard 
to the shade of other trees. 

The seed of mora is so large that it is not readily dispersed, and the fac*t that the tree 
is occasional throughout the rain ^>rests of Guiana indicuites that it has attained full 
distribution there. No (piestion can arise that gregarious mora may be advancing into 
other forests. Davis & Richards found five forest types (of which M. excelsa forest was 
one) at Moraballi Creek, each related to a definite habitat and in apparent equilibrium 
one with another. Mora forest here and according to Davis in the North-W est District 
was definitely characteristic of swampy riverain flats. In the further interior of British 
Guiana, the writer was informed in conversation by the ('onservator of Forests, Mr 
B. R. Wood, there are places where mora forest is no longer restricted to riverain flats, 
J. Ecol. 33 
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but occurs on hilly ground. It appears probable that the non-mora forests in this region 
are no longer properly rain forests, but are Evergreen Seasonal Forests (Beard, 1944) like 
the crappo-guatecare type of Trinidad and are, therefore, of more open structure than 
rain forests. 

Vegetation cycles in Trinidad. Studies of the fossil flora of Trinidad have been made 
by Hollick (1924) and Berry (1925). The fifty-five species of plants discovered, mainly 
in Miocene beds, indicate moist evergreen forests but little different from those of the 
present day. No species of Mara is represented in these deposits, but the forests from 
which the material was derived were apparently either rain forests or Evergeen Seasonal 
Forests similar to the modern crappo-guatecare. 

The existence of such forests fourteen million years ago does not legitimately imply 
that there has been a continuous forest cover on Trinidad ever since. There have been 
geological cycles with accompanying vegetational cycles. The particular borderland of 
South America where Trinidad stands has been in continual oscillation since the Mesozoic, 
open-sea phases alternating with lagoon and land phases. The vegetation of the area will 
have varied greatly according as conditions were those of a deltaic region, a young or 
an old alluvial plain or of a dissected and undulating topography. On emergence of 
land from the water, succession begins with mangrove and herbaceous swamp vegetation, 
and on further uplift and the drying of the land the young alluvial soils become covered 
with moist evergreen forest (assuming a constant climate). Later, as the soils age and 
become compacted and ill-drained, the forests retreat to the vegas of the rivers and 
become ‘gallery forests’ in vast stretches of savanna. If the savanna-covered peneplain 
is dissected and converted into an undulating region the forests will return. 

During Pleistocene times the area that is now Trinidad was a part of continental 
South America and consisted for the most part of a vast, level plain which was co- 
extensive with the great llanos of the Orinoco. By reason of the absence either of further 
aggradation or erosion, the soils of these ill-drained level flats developed characteristic 
impeded horizons and the vegetation became a savanna, such as still covers the Vene- 
zuelan llanos. All Trinidad must have been savanna-clad at that time, save for the 
Northern and Central Ranges and isolated hills in the south, and the river vegas where 
‘gallery forests’ meandered, trees having persisted here due to the continuance of favour- 
able drainage conditions. The map in Fig. 5 gives a conjectural picture of conditions at 
that time. A great Proto-Orinoco river must have entered the sea far to the east of its 
present mouths and taken a course parallel to the south coast of Trinidad. 

Earth movements in subrecent times have uplifted Trinidad slightly and depressed 
the areas off* its east, west and south coasts, causing the formation of the Gulf of Paria - 
detaching Trinidad from the mainland — and the retreat of the Proto-Orinoco mouths to 
their present position. Consequently, the former peneplain in Trinidad became dissected 
into little hills and valleys. The flat, senile savanna lands were regenerated, replaced by 
a younger topography and skeletal soils which could support forest. The trees advanced 
from the hills and gallery forests and covered the land, so that to-day only a few small 
relics of savanna on isolated remnants of the old land surface persist as witnesses of 
Pleistocene conditions. 

Davis (1941) has drawn attention to the fact that many of the commonest trees in 
the rain forests of British Guiana are either endemic or confined to the Guiana region, 
and put forward the theory that these species were once endemic in groups of islands at 
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a time when the greater ])art of the present near-interior peneplain of British Guiana was 
submerged. When general land conditions returned the island species advanced from 
their refuges. The flora of the region is essentially local and appears to have received 
relatively few contributions from Amazonia. M. excel sa is not one of the forty common 
trees considered by Davis, as it is only occasional in the rain forests and he excludes 
'the vegetation of coastal and riverine plains and other areas subject to hooding’, where 
mora becomes dominant. The species appears, however, to be endemic, to the Guiana 
region, its known range being the coastal districts of British, Dutch and Venezuelan 
Guianas (including the Orinoco delta) — and Trinidad, where it is apparently a late 
arrival. If Davis’s theory is correct, M. excelsa may well have had an island origin in 
British Guiana, where it appears as a well-established occasional species in rain forests. 
When geological uplift took place, mora found suitable conditions to thrive in riverain 
hats and began rapidly to extend its range laterally along the swampy Guiana coasts. 
In Eocene, Oligocene and Lower Miocene times the lower-lying parts of Trinidad seem 
to have been submerged and the Parian ranges of Venezuela, north Trinidad and Tobago 
would have been separated from Guiana by open sea. In Upper Miocene and Pliocene 
times this sea shallowed to give rise to muddy, off-shore conditions, and during the 
Pleistocene stagnation of movement and deposition of sediments brought about a con- 
tinuous plain from Venezuela right across Trinidad. The Proto-Orinoco then entered the 
sea somewhat to the eastward of its present mouths. There would at this period have 
l)een a direct land connexion between Trinidad and Guiana and an o|)portunity for the 
endemic Guianian flora (including mora) to advance towards Trinidad. Actually, few 
representatives made the journey. Of the forty common Guiana trees detailed by Davis, 
only two (Peritaclellrra maeroloba and Esehiveilera Huhglandnlosa) are found in Trinidad, 
and the former is a species widely distributed in tropical America. It must be remem- 
bered, however, that there are no true lowland rain forests in Trinidad for tlie climate is 
a seasonal one. Further, during the Pleistocene most of Trinidad was covered with 
savannas. Opportunities for invasion by rain-forest trees from (iuiana would, therefore, 
have been limited to trees tolerating a fairly consideralde range of climatic and other 
conditions and successfid in the low-lying swampy ground of the Proto-Orinoco delta 
and gallery forests the avenue bv which they must journey. Mora excelsa ceitainly 
meets these requirements. From the North-West District of British Guiana t(' the south 
coast of Trinidad is approximately 120 miles, which at the rate of travel calculated by 
Marshall for mora would take the tree a million years to cover. Mora seems to have 
leached Trinidad just as earth movements made it an island. Mora then became c ut off 
from its original Jiome in Guiana, but as forest conditions were returning in Irinidad it 
was able to establish itself there successfully. 

III. Conclusions 

There does not appear to be any reason to question the view that Mora excelsa is a recent 
arrival in Trinidad and that it is in process of invading the evergreen forests in the 
lowlands. All the evidence points to this conclusion. That it would invade the rain 
forests in the mountains is doubtful. These forests form a heavy upper canopy at about 
90 ft. above ground and are denser and cast a heavier shade than the lowland forests. 
Since mora appears to have only a limited power in youth of bearing the shade ol other 

species it does not readily colonize dark, dense forests. In the few places where mora has 

13-2 
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reached the limits of the ‘bois gris’ {Licania ternatensis) Lower Montane Rain horest it 
seems to have made little or no further progress, the boundary being marked by a belt 
of mixed, co-dominant mora and bois gris beneath which the usual carpet of mbra 
seedlings is noticeably absent. The Semi-evergreen and Deciduous Seasonal Forests of the 
lowlands seem also hostile to mora, though it has invaded them in places. In this case 
the dryness of the habitat seems the limiting factor since mora is a moisture-loving 
species. It is probable that except in the areas of extreme drought mora would invade, 
though slowly, and would not become so markedly gregarious. 

Gunther pointed to the distribution of mora in (Liiana as evidence that it would only 
be likely to colonize, in Trinidad, low-lying, swampy riverain flats. The analogy, however, 
is a false one. In Guiana, according to the evidence, mora finds its optimum conditions 
in rain forest where its numbers are limited owing to intense competition: it l)ecomes 
gregarious on swampy flats in response to lowered competition. In the lowlands of 
Trinidad there are, strictly, no rain forests (Beard, 1944). There are Evergreen Seasonal 
Forests which are lower and more open than rain forests and quite clearly offer little or 
no effective competition to the mora. Mora’s great tolerance of a wide range of conditions 
enables it in Trinidad to colonize successfully and l>ecome dominant in a habitat less 
favourable than its optimum just as in Guiana, though the two sites so colonized in 
Trinidad and Guiana are by no means comparable. The only comparal)lo case in British 
Guiana may be in the further interior where mora ascends rising ground and is pr()l)ably 
in a zone of seasonal forests. 

There is certainly justification for the view that mora reaches its optimum develop- 
ment in Trinidad on riverain flats, for the reason that lieing properly a rain forest tree 
it thrives best in the seasonal climate of Trinidad where there is most moisture in the 
soil. Mora is here not confined to such sites though probably it colonizes them more 
swiftly, and becomes taller and more gregarious upon them. 

In order to explain the apparently recjent arrival of mora in Trinidad, Marshall appeared 
to comsider that seed must have drifted up on the beach after washing down the Orinoco 
or Guiana rivers and so have become established. It is true that the beaches of 4'rinidad 
are abundantly covered with drift seeds, mainly of Man/’car/a saecifera and Saceoglotlis 
amazonica, but the writer has only once found a mora seed among them, and that was 
so fresh that it appeared to have come from a nearl)y Trinidad mora forest. In July 
1943 Mr J. V. Cater found some mora seeds floating ashore at Guayaguayare Bay, and 
collected a dozen sound-looking ones which he took home and planted. None germinated. 
It was presumed that these came from the Orinoco, as no mora were fruiting in Trinidad 
at the time. Mora seed has a very thin seed coat and it would seem doubtful whether it 
could withstand prolonged immersion in sea water. 

When the recent geological history of Trinidad is considered, a much more likely 
explanation of the late arrival of mora is discovered. A map of an individual mora forest 
is shown in Fig. 6, which endeavours to interpret lines of advance. The Mayaro mora 
forest seems to have spread from land lying to the southward. In late Iffeistocene 
times it may have been already in this vicinity, perhaps in the gallery forests of 
streams rising in the low hills of this region. Subsequently the mora made its way 
from the south up to the watershed covered by the ‘Mayaro Reserve’ (see Fig, 6), crossed 
it, and travelled rapidly down the streams into the Ortoire and Moruga basins. It will 
be observed that at the farthest limits of its advance in the west and north-west mora 
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tongues out’ along the stream flats where it will be advancing most rapidly. Some of 
the hilly parts, particularly where the forest is of a drier type, have not yet been colonized 
by the nu)ra. At the rate of advance calculated by Marshall, 50,000 years must have 
been required for mora to extend from Guayaguayare Bay to its farthest northern and 
eastern limits, l)ut once it had crossed the Mayaro watershed progress was almost cer- 
tainly much more rapid and this estimate may be too high. 

The Matura mora forest appears to have spread from a point in the vicinity of 
Saline Bay, either advancing from land lying to the eastward or, less probably, 
arriving by sea drift. Most likely it advanced up the vega of a stream rising in the 
Northern Range and flowing south-eastward to join the Orinoco. Some 30,000 years is 
the probable age of this forest. 

The Irois mora forest in Cedros indicates an advance from tlie west and may have 
travelled by a land bridge or may have arrived more lecently by rafting of seed from 
the Orinoco during flood. In this case marine dispersal is not so unlikely, since floods 
of tlie Orinoco often cast up rafts of driftwood and matted vegetation on this part 
of the coast of Trinidad the channel between the delta and Icacos ])oint being onlv 
12 miles wide- sometimes even with living animals u])on them. The same apj)lies to the 
Guapo forest, but the small patch at Cap do Ville, along with the other small and isolated 
areas in the Nariva Swam]), at Mount Harris and the Aripo valley seem most logically 
to be due to liumari influence. The aboriginal Indians in British Guiana are known to 
use mora seeds as a food, j)rej)aring a grated flour or 'farine’ from them in a similar 
manner to cassava,. Mora seeds have l)een shown by analysis at the Imperial College of 
Tropical Agriculture to have a])proximately the same food value as maize, though they 
are not so ])alatal)le, Tlie Guiana Indians are said only to use tliem in case of a shortage 
of (‘assava. It seems quite reasonable that wandering hunting parties of these aborigines 
may have carried su])])lies of mora seeds on occasion about the Trinidad forests and have 
abandoned them at camp sites, where they germinated and initiated a new block of 
mora forest. Since these isolated patches, except that in the Nariva Swanq), are small, 
the human distribution of the seed need not have occurred long ago at Marshairs 
theoretical rate of spread the tree would require only 400 years to cover 2 ha. it seems 
ditficult to envisage the wide distribution of mora seeds by wild animals or lurds. 

To ac*(;ount for the origin of the 485 ha. of mora forest at Baria Bay on the north side 
of the Northern Range is admittedly ditticult. The forest ()(‘cu])ies the bottom of the 
valley of the Paria river from its mouth to a maximum distance of 2i miles u])stream, 
which it would appear to have required several thousand years to cover. It is just 
possible tliat Indians may have carried the seeds to Paria beach. Otherwise no rational 
explanation seems possible. This point is the northernmost in the distribution of mora, 
which is not jiresent in Tobago or Parian Venezuela or the Windward Islands; and it is 
cut off by the main ridge (000 m. high) of the Nortliern Range from tlie Matura forest. 

Even when the Pleistocene savannas began to retreat and forest conditions to return, 
mora must have been a late comer upon the scene. As the grassed plains were dissected 
forest trees advanced from the hill ranges, monadnocks, sand ridges and gallery forests 
to which they had been restricted, and if mora had been present we should suppose that 
it would have advanced with the rest. The Carapa-Iischw(dtcra associates, however, were 
there first. Mora seems to have come up on to the Trinidad land just in time as the 
surrounding areas foundered. If there were more data as to the exact duration and 
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extent of land conditions between Trinidad and Guiana during the Pleistocene this 
matter would probably be clearer. 

One final problem remains to be discussed, the gregariousness of Mora excelsa. It is 
an important one, because if the species were not gregarious its invasion of the forests 
of Trinidad would never have excited comment. It is probable that the distribution of 
few species is absolutely constant. We should suppose that many species are constantly 
spreading, others retreating. In Trinidad there are a number of trees whose distribution 
is limited, apparently only by the time factor. One can cite at random Saccoglottis 
amazonica. Quassia amara and Astrocaryum aureum confined to the Cedros ])eninsula 
and apparently recent arrivals from Venezuela, and CaUiandra guildinyii and Ryania 
speciosa, small trees common on sandy soils only in the north of the island. The distri- 
bution of such species excites no particular comment, but the difference between forests 
with mora and without mora is so striking that it at once seizes the imagination. 

It is somewhat misleading to state, as Marshall does (193.9), that mora ‘forms prac- 
tically pure crops in parts absolutely pure crops’. Mora may provide up to 95% of 
the trees in the upper story, but Table 2 shows the assemblage to contain over eighty- 
seven component tree species. This does not represent a pure crop in the sense of some 
northern coniferous forests. The crop, here, is merely one in which a single species is of 
unusually marked dominance. In this connexion the following comparative figures may 
be of interest, those at 2, 3, 4 and 11 being taken from Davis & Richards (1933 4), at 
5, 6 and 7 from the writer's own records in the Windward Islands, and at 1, 8, 9 and 10 
from the Trinidad Forest Department records. 


Gregarious forests 

% of total individuals 

^ 

iVll trees Large trees 
30 cm. girth 180 cm. girth 


Dominant species 

lAKialitv 

and over 

and over 

1. Mora fjcceha Benth. 

Trinidad 

40-()0 

80-95 

2. Mara yonggrijpii Kleinh. 

British Guiana 

20 

01 

3. Orotm rodioei Schomb. 

British Guiana 

9 

43 

4. Eperua falcata Anhl. 

British Guiana 

21 

07 

5. JJacryodes f^xcelsa Vahl. 

Dominica 

10 

13 

6. Dacryodes excelsa V^ahl. 

Grenada 

35 

75 

7. Anianoa caribaea Urb. 

Dominica 

20 

45 


Mixed forests 

% of total individuals 


Principal dominants 

Locality 

All trees 

30 cm. girth 
and over 

Large trees 
180 cm. girth 
and over 

8. (Jarapa guianensis Aubl. 

Trinidad 

9 

21 

Esckwe.ilera suhglandulosa (Steud.) Miers. 


2 

3 

9. JArxinia ternaterms Hook.f. 

Trinidad 

10 

9 

Sterculia caribaea K.Br. 


7 

18 

10. Licania biglandulosa Gr. 

Toliago 

16 

5 

Byraoninia spicata (Cav.) Rich. 

5 

20 

11. Eschweilera, four species, together 

British Guiana 

13 

18 

Licaniay three species, together 


22 

18 


There is no hard and fast distinction between a ‘gregarious’ forest and a ‘mixed’ 
forest. The distinction is merely a matter of degree of abundance of the dominants, and 
this is very variable among both types. Among the seven gregarious types listed above 
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there is a variation by the dominant from 10 to 60% of the crop, and a like variation 
may occur within associations, as evidenced by the difference between the Dacryodes 
excelsa types in Dominica and Grenada. In |)arts of the mountains of Trinidad Licania 
ternalensis (type 9) may, locally, attain 30% of the crop. 

It is by no means uncommon to remark the gre^ariousness or high abundance of a 
single species in associations in adverse habitats, e.g. in swamps and high mountain 
areas, where adversity decisively limits the flora to few specicwS. Tlie forest types under 
discussion here lie, however, close to the optimum. It is possible that immaturity of the 
flora is an im|)ortant factor. Davis l)elieves the Guiana pene})lain flora to be of recent 
development and of endemic, island origin. Trinidad is an island, whose forest flora may 
be immature due to the recent return of forest conditions. The WTiter’s examples above 
of Dacryodes and Amanoa forests are from islands. The gregariousness of a s])ecies may 
thus be due to the lack of vigorous competitors. In Dominica wdiere there is a jnuch 
richer flora Dacryodes excelsa is less highly gregarious than in Grenada. 

Dominance is evidently decided by a number of different factors, notably suitability 
of the species to the site, production of seed, powder of seedlings to bear shade and (‘om- 
petition, the latter comprising the density, vigour, stature and reproductive power of 
the associates. 

Mora appears to be, in the part of Trinidad wdiere it is so far found, to be at least as 
well suited to conditions as any of the local species. Its production of seed is jihenomenal. 
as is also the percentage germination of its seeds. The seedlings readily bear the shade 
cast by the crappo-guatecare forests, but themselves cast a far heavier shade. It must 
be a matter of difficulty for any seedling other than a mora to come up through the dense 
mass of mora saplings. The species thus establishes initially a thick ground carpet of its 
owm seedlings which maintain an almost exclusive right to succession in the foiest. Once 
such a carpet has been laid dowm it is only a question of waiting for the oldei* t rees to die 
liefore a gregarious mora forest comes into being. 

Gunther drew attention to the difference in stature and structure betw^een mora and 
other forest, as showm by aerial survey. The same is vividly demonstrated by tlie profile 
diagrams (Figs. 2, 3). The stratification is comparable, but mora, being gregarious, forms 
canopy at a higher level the level reached by the average mature tree. A forest of 
gregarious crappo or guatecare would clearly adopt the same structure as mora forest. 
In both types there are three strata, but in mora forest the up})ermost forms canopy 
and in mixed forest the middle one. Certain typical species in the crappo-guntecare 
forest attain the upper story or the middle, or are confined to the lower story. This 
behaviour is observed also in mora forest, but these species, of course, become much 
reduced in numbers and are subordinate to the mora. 


IV. Summary 

The mora forests of Trinidad in which Mora excelsa Benth. is dominant and gregarious 
occupy certain restricted areas. 

No environmental factors appear to account for the alternation of mora forest and 
mixed crappo-guatecare (Carapa-Eschweihra) forest. 

Mora is believed to be a recent arrival in the island and to be actually invading the 
mixed forests. 
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Mora is of wide distribution in Guiana, where it is occasional in most types of rain 
forest, becoming gregarious only on swampy flats where competition is lessened. 

Mora is believed to have crossed over to Trinidad from Guiana by a land bridge in 
late Pleistocene to subrecent times. 

Mora is thought to have become gregarious in Trinidad because the moist forests are 
not typical rain forests, but have a more open structure. Shade is sufficiently thin to 
enable mora readily to become established, after which its great reproductive power 
makes it gregarious and its greater height suppresses the mixed forest. 


REFERENCES 

Beard, J. S. (1944). Climax vegetation in tropical America. Ecoloyy, 25, 127-58. 

Berry, E. W. (1925). Studies in Geology, 6, 71-161. 

Davis, T. A. W. (1929). Some observations on the forests of the North-West District. Aqric. J. Brit. Guiana, 
2, 157-66. 

Davis, T. A. W. (1941). On tlie island origin of the (‘ndemic trees of the British Ouiana peMei)lain. J . Kcul. 
29, 1-13. 

Davis, T. A. W. & Richards, P. W. (1933-4). The vegetation of iMoreballi Creek, British Guiana, Parts 
1 and II. J. EcoL 21, 356-84; 22, 106-.55. 

Gunther , A. E. (1942). The distribution and status of mora forest {Mora excelsa) in tlie Ortoire Basin, 
Trinidad. Enip. For. ./. 21, 123-7. 

Hollick, A. (1924). A review of the fossil flora of the West Imlies. Bull. N. Y. Bot. Gdns, 12, 259- 323. 

Marshall, R. G. (1934). The Physiography and Vegetation of Trinidad and Tobago. Oxford Forestry 
Me moil-8 17. 

Marshall, R. C. (1939). Silvirulture of the Trees of Trinidad and Tobago. Oxford. 


Key to Index Letters on Profile Diagrams (figs. 2 and 3). 


Abbi-oviations 

Local Name 

A. 

“Arena*’ Sardine 

B. 

Blackbeart 

B.c. 

Bois chandelle 

B.ch. 

Bois charbon 

B.l. 

Bois I’agli 

B.m. 

Bois mulatre 

B.p. 

Bois })ois 

B.t. 

Bois tatou 

C. 

Crapyx) 

Ca. 

Cajuca 

(Jb. 

(’arimbo 

( ^ic. 

Cocorite 

Cp. 

Cooperhoop 

(b 

Guatccare 

Ga. 

Gasparec 

in. 

Incense 

L.s. 

Laurier stinker 

La. 

baylay 

M. 

Mora ’ 

Ma. 

Mahoe 

Me. 

Manac 

Mk. 

Milkwood 

Mi. 

Sardine 

N. 

Niaure 

V. 

Poui 

P.d. 

Pois doux 

s. 

Sole bo 

w. 

Wakamy 

W.c. 

Wild cocoa 

W.co. 

Wild coffee 

W.o. 

White olivier 

Y.o. 

Yellow olivier 


Scientific Name 
Pera arbor ea Mutis 

Clathrotropis brachypetala (Tub) Kleinh. 
Arnaioua corynibosa H.B.K. 

Diospyros ierensis Britton 
Ryania speciosa Vahl. 

Pentaclelhra macroloba (Willd.) Kiintze 
SuHirizia pimiota Willd. 

Uudgea freemani Sprague and Williams 
(Jarapa guianensis Aul)b 
V irola suri nmn ensis ( Bol . ) War I ) . 

Guarta glabra Vahl. 

Maximiliaria ele.gans Karst. 

Brownea lati folia Jacq. 

Eschiveilera, subglandulosa (Steud.) Miers 
Esenbeckia pilocarpoides H.B.K. 

Protiurn guiammse (Aubl.) March 
Ocotea arerutetisis R. L, Brooks 
Cordia sp. 

Mora excel sa Benth. 

Stereniia caribaea H. Br. 

Euterpe Imiglo-isii Burred, 

Sapium aucuparium flacq. 

Miconia sp. 

CalUandra guildingii Benth. 

7\ihehum serratifolia (Vahl.) Nichols 
Priga sp. 

HJieedia sp. 

W arszetviezia coccinea (Vahl.) Kl. 
Tovomita eggersii Vesque 
Rubiaceao sp. 

Terminalia arnazonia (J. F. Gmel.) Exell, 
Buchenavia capitata (R. and P.) Steud. 
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1. Introditction 

Progress in inicrobiology, as a result of the adoption of jiure-culture nietliods, has been 
so striking that in the opinion of some biologists a. culture not free of bacteria is not a 
real (*ulture at all. The statement that bacteria-containing cultures of various kinds may 
be of use, and the enumeration of successive stages in the attempt to obtain pure cultures 
(Pringsheim, 192(5, p. 287), has, for this reason, led to misunderstandings. 

To-day, after many more years of research in tins field, I can emphasize that uni-algal 
cultures containing a certain amount of bacteria are in more than one respect a suitable 
basis for investigation. They are often not merely a ]>reliminary to the ])r()duction of 
})ure cultures Init. if based on ecologi(*.al considerations, they may also be the liest 
approach to the biology of a form. The matter in question is therefore of more than 
technical importance. Without cultures originating from single cells, progress along 
diverse lines would be arrested, and the elucidation of many problems of algal })hysiology, 
taxonomy and ecology would take place far more slowly than would be p(»ssible with 
the help of the method described in these pages. 

One often meets with a few algal cells or filaments which are of special interest but 
cannot be identified for one or more of the following reasons: scanty representation, 
absence of reproductive stages, quick movement, the necessity of performing micro- 
chemical tests, of applying stains or utilizing sjiecial optical equipment. Such obstacles 
to detailed investigation may be encountered every time they are observed. 

It may be argued that forms which are only represented by a few individuals are 
unimportant, but such scarcity may be misleading. The individuals may be concentrated 
round a particular spot, e,g. a decaying worm, within the habitat. If a certain cjuantity 
of water and mud is gathered, the forms inhabiting ecologically dilTerent micro-habitats 
become mingled with one another. 

In fact biological investigations have often hitherto been restricted to species occurring 
in relatively dense communities, a condition which may never be realized in nature in 
the case of various species. This was so wdth the Astasiaceae, most species of which re- 
mained unrecognized until single-celled putrefaction cultures were prepared (Pringsheim. 
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J93(>, 1942). These proved to be the only means of obtaining genetically homogeneous 
material on which a diagnosis could be based, so long as growth in the absence of bacteria 
could not be achieved. Klebs (1883, p. 290) states: ‘Fiir diese farblosen Formen ist 
characteristisch, dass sie nur dann in grosserer Menge auftreten, wenn organische Massen 
in Faulnis iibergehen. Sie zeigen im Anfang einer Infusion sich nur in einzelnen und 
schlecht genahrten Exemplaren, vermehren sich in wenigen Tagen bei steigender Faulnis 
in zahlloser Menge,. . .bis sie nach kurzer Zeit fast spurlos wieder verschwinden. . . .In 
freier Natur findet man daher nur selten diese farblosen Euglenen, sie werden erst be- 
rnerkbar in Zimmerkulturen.’ Similar conditions obtained in relation to Trachelomonas^ 
the specific limits of which could not be defined until genetically uniform material was 
available. In other instances adecjuate investigations have depended on the chance 
dis(5overy of a species in large quantities. Some species of Euglena and CrypUrmoDm 
generally occur as a few scattered individuals, and many more examples are found in the 
relevant literature. 

Earlier papers (Pringsheim, 1921, 193(), 1942) have described a method in which 
media, containing soil and water, have been used to secure abundant growth of any 
species of the Astasiaceae desired. It also rendered possible the differentiation and 
description of forms which had previously been inadequately characterized owing to 
their occurrence in a specialized habitat and their capacity for morphological modifica- 
tion. A similar technique had been previously used by Jacobsen (1910) and the writer 
(1921) for enrichment cultures of Volvocales and Cryptomonadaceae, especially of their 
saprophytic members. 

Attempts to increase the availability of such methods for growing small organisms 
have proved successful. The results can only be published gradually, because in each 
case time is required to discover the best modification of the general method, and to 
describe the organisms thus grown from the morphological and physiological points of 
view. It may be useful to give meanwhile an account of the technique that has been 
developed during the last five years. 

The processes described in these pages do not lead to pure, i.e. bacteria-free cultures. 
As previously emphasized (Pringsheim, 1926, pp. 287-8), pure cultures, though indis- 
pensable for solving certain problems, are not necessary for many others. A special 
publication (Pringsheim, 1945), in which I deal with pure culture methods, will show 
that I do not neglect them in algal research. It was just the experience detailed in that 
book which led me to the conclusion that, when working with bacteria-free cultures, the 
conditions necessary for the healthy growth of a form are often difficult to discover and 
to create so that other methods may be preferable. 

This is not only due to our restricted knowledge or poor technique in preparing suitable 
media, but quite as much to the fact that a clear, sterile solution cannot always provide 
in sufficient quantity every compound or element necessary for abundant growth. Some 
chemical elements (Fe”', Si, P) are precipitated under certain conditions, or they may 
be poisonous (Fe") if not very dilute, and the same applies to certain organic compounds, 
for instance fatty acids, otherwise suitable as nutritive substances (Provasoli, 1937-8, 
p. 80). In nature much larger quantities of water are available per individual than in 
thriving cultures and dissolved substances are generally replenished from bottom 
deposits which contain insoluble or colloidal or adsorbed substances with which we are 
not yet sufficiently familiar. For these reasons lack of nutrients is more likely to affect 
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organisms in a restricted quantity of culture medium than in their usual habitats (cf. 
Mortimer, 1941, with extensive bibliography). 

When dealing with monophasic media, i.e. clear, sterile solutions, little can be done 
to meet nutritional requirements by tlie employment of more soluble or less poisonous 
compounds of indispensable elements. Such chemical or physical devices do not offer 
sufficient possibilities of variation. They can, however, be supplemented by biochemical 
means, imitating nature’s example, where the setting free of stored food from bottom 
deposits is mostly effected by bacterial activity. Conditions are thus created whereby 
algae, flagellates and other small organisms, which it is desired to cultivate, take up 
nutritive substances provided by the bacteria living in the mud phase. 

Competition or confusion with similar forms, need not be feared if culture tubes are 
heated before inoculation in order to destroy germs of algae, flagellates, fungi, etc., which 
are present in the soil, although bacterial spores are not completely killed. The essential 
value of the type of cultures described in this paper lies in the properties of the bottom 
layer of ‘mud’ in contact with the culture solution proper. This bottom deposit provides 
relatively large quantities of food material whicli gradually diffuse into the li(|uid 
medium. Soil is generally the only or the chief component of the bottom de])()sit so that 
the technique can be described as the soil-water culture method. By varying the kind 
of soil and adding diverse substances, ada})tation to the special needs of different organ- 
isms can be achieved but some multiplication is usually obtained with a standard medium 
of garden soil and water. 

The results show that cultural possibilities are greatly increased as compared witli 
the usual monophasic nutrient media. The improvements concern not only the number 
of organisms which can be cultivated, but also the (piality and (juantity of the material 
grown and the longevity of the individual cultures. 

Tliere are five biological groups of micro-organispis, differing in their mode of nutrition, 
which may advantageously be grown in soil-water cultures: 

(1) Chlorophyll-containing photo-autotrophic or ‘holophytic’ organisms. 

(2) ‘Saprophytic’ organisms devoid of assimilatory })igments and living on dissolved 
organic compounds. 

(3) ‘Holozoic’ organisms, likewise containing no chlorophyll and living on solid food 
particles, usually bacteria or other small organisms. 

(4) ‘Hemizoic’ organisms, occasionally devouring solid food, but at tlie same time 
possessed of chrornatophores with chlorophyll. 

(5) ‘Mixotrophic’ organisms which, though containing assimilatory |)igments. do not 
grow properly without dissolved organic compounds. 

It is necessary also to distinguish polytrophic habitats which abound in the organic 
(as well as inorganic) substances on which saprophytic, mixotrophic, holozoic and hemizoic 
organisms thrive. Habitats containing an abundance of inorganic nutritive salts are 
termed eutrophie in contrast to the nutritionally poor oligotrophic type. 

II. Preparation of culture vessels 

For most purposes test-tubes are sufficient. Hard glass, such as Jena or Pyrex glass, is 
preferable to the softer varieties because it does not affect the pH of the contents and is 
not readily corroded. Thick- walled tubes should be employed because the heavy un- 
yielding soil at the bottom facilitates breaking when the tubes are placed in a container 
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or otherwise strained. For special purposes larger tubes, glass cylinders or milk bottles 
are useful. They are handled in essentially the same way as test-tubes. 

In order to prevent excessive putrefaction, organic substances supplying food materials 
are placed at the bottom of the vessel and covered with soil. This is one of the roles of 
soil in this technique. Substances, which are primarily insoluble, are preferable to such 
as are readily dissolved because disintegration is gradual and food materials are pro- 
gressively placed at the disposal of the cultured organism. 

The choice lies between nitrogen-containing proteins on the one hand and carbo- 
hydrates on the other. 

Casein, gelatine and similar substances constitute an appropriate source of nitrogen 
and carbon compounds. Fragments of dried cheese are very effective in creating poly- 
trophic conditions, but the formation of ammonia results in an alkaline reaction which 
is not always desirable. Mixtures of proteins and carbohydrates are usually more suitable. 
Seeds and grains of cereals, such as wheat or barley, afford natural mixtures of this kind. 
The quantity can be varied by using smaller or larger grains or more than one. Single 
grains of pearl barley yield enough organic food for a test-tube culture of any polytrophic 
green form, although colourless saprophytes need more for abundant growth. 

Plain starch is often the most suitable material. Anaerobic fermentation leads to the 
formation of fatty acids which are neutralized by the addition of calcium carbonate, 
likewise placed at the bottom of the tube. The nitrogen content of fertile soil seems to 
suffice for the ]:)lentiful multiplication of many organisms, for instance of most species of 
Astasiaceae and Polytoma(‘.eae. 

The organic substances are put into the tube, with or without the addition of com- 
pounds affecting the pH of the culture fluid. Next follows a column, 3 or 4 cm. high, 
of soil, usually ordinary garden soil, which has been dried and sifted. It should not 
contain too many decaying organic particles, which would cause excessive putrefaction 
or mycelium formation in the overlying culture fluid. The kind of soil can be varied 
according to requirements. Many organisms prefer surface soil from arable land which 
is usually poorer in humus than that of gardens. 

Apart from the humus content and reaction, other properties, such as nitrogen content, 
etc., also influence the result, but for most pur|) 08 es any kind of soil, if not newly 
manured, can be used. Leaf-mould and various kinds of ])eat, composed of Sphagnum, 
fern or root remains, are suitable only Avhen an acid medium is required. Peat, covered 
with soil, often promotes a better growth than either ingredient used separately. We 
dispose therefore of a wide range of possible combinations which can be tested in indi- 
vidual cases. A set of three to five tubes, containing for example ordinary soil with 
distilled water, soil with CaCOg, a cereal grain with soil and peat with soil, will usually 
suffice to afford a first insight into the ecological adaptation of a given chlorophyll- 
containing alga or flagellate. Water is added to cover the dry substances to within 5 cm. 
of the rim of the tube, so that it does not reach the cotton-wool plug. Tap water can be 
used if it is not chlorinated or so hard as to influence the pH in an undesirable way; 
in all other cases distilled water should be employed. Each investigator will introduce 
slight modifications of his own. 

The tubes are then heated to destroy unwanted organisms. They should, however, 
not be placed in a hot steam chamber or allowed to reach the boiling-point, since such 
treatment often causes soil and water to rise to the top of the tube with consequent 
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wetting and soiling of the plugs. It is safest to heat the steam chamber with a small 
flame for at least 3 hr. No real sterilization is intended. 


in. Isolation and inoculation 

One of the advantages of the technique here described is, that the organisms to be 
cultivated are selected and separated from other forms at the outset. Inoculation is 
effected by picking up single cells, filaments, coenobia, etc;., under a binocular microscope 
with a magnification of 40 80 diameter and transferring them to a pre])ared culture tube. 
Free-swimming flagellates, zoospores, etc., are more readily recognized than non-motile 
individuals so that smaller cells can be taken up, down to those which are orilv 10 12/x. 
For still smaller cells a micro-manipulator is indispensable. 

In picking up the organisms required capillary pijiettes or glass needles are used. The 
latter are employed to lift filaments or fragments of branched 
algae. In general, however, pipettes, drawn out to form very tine j 

capillaries with a bore of about 50 100 /u, are more suitable. As j 

a preliminary, ordinary glass pipettes, 30 cm. in length, are pre- i 

pared from 4 mm. bore tubes, drawn out to i 1 mm. bore. These 
are provided with small cotton-wool plugs at the wider end, 
which in addition is surrounded with cellulose wadding or tissue ' j 

paper to form plugs that will fit into test-tubes (Fig. 1). After i 1 

autoclaving, the pipettes can thus be ke])t sterile inside and out- I 

side for an indefinite ])eriod. Before they arc used for selecting i ; ' 

specimens under the microsco])e the narrow ends are heated over j 

a small flame and, after removal from the sour(‘e of heat, drawn 
out into fine capillaries. They are broken oft* into suitable lengths i 

by exerting a sudden longitudinal ])ull with a forceps. A circular / 

opening is thus made without any risk of contamination. A single | 

pipette can be drawn out repeatedly and so used several times. i 

Capillary pipettes may not be sterilized by heating after they - ^ 

have been finally shaped. Kip. i. sterile pipette in 

Living cells with a small (|uantity of water are sucked up into test-tube, as employed 
the pipette by capillary force. The ojiening of the pipette is asef)tie transfer- 

watched under the microscope as it approaches the object to be 
taken up and, immediately after this has passed into it, the latter piiiary pipettes, 
is lifted out of the water. The same procedure can be repeated 

until ten or even more cells have been taken up with a single f)ipette so as to [U’ovide 
sufficient material for the inoculation of a number of media. The fine and elongate 
capillaries employed can only be emptied by the operation of considerable pressure, and 
ordinary thin rubber caps will not suffice for this purpose. A piece of pressure tubing, 
closed at one end by a glass ping, serves it better. Even so some seconds elapse before 
the column of water is emptied from the capillary into another fluid. 

As containers for the sterile washing fluid watch-glasses are used. They should have 
a diameter of 5-6 cm. and be shaped so as to form part of a regular sphere. Flattened ones 
are not suitable because the few drops of liquid employed would not remain in the centre 
as they should. The watch-glasses are put into closed Petri dishes and sterilized by dry 
heat at 160-170°C. for lJ-2 hr. The watch-glasses are supported on wire triangles, best 
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made of aluminium (Fig. 2); these prevent displacement. The optical conditions could 

probably be much improved, and the recognition of algal cells 

facilitated by using a condenser beneath the stage and glass 

containers of a special form. Owing to war-time conditions such ^ 

devices could not be tested. \ ^ 

In order to wash the cells a niimber of watch-glasses are sup- 1 P 

plied with about 6-8 drops of sterile fluid. Mere water is often ^ 1 y i/ 

unsuitable because harmful to the cells. As a rule dilute mineral jjy ~ Jf/ 

solutions, or soil or peat extract are better. Their />H must be 
adapted to the needs of the organism . 

The cells or filaments to be used for starting soil-water watoh-glasw, 

, - • • 1 n • 1 HupporU'd by wire triangle 

cultures are not transferred directly from the original fluid 
to the culture. The risk of mixed inoculation, resulting from 

the presence of small organisms other than bacteria, would be too great. It is, 
however, unnecessary to repeat the washing process as often as in making pure cultures 
(Pringsheim, 1945, p. 71). To avoid contamination of the cultures with small algae, like 
(yhlorella, Coceornyxa, ScertedesnmH or minute Cyanophyceae the cells to be used for 
inoculation should be passed through a sterile fluid at least twice. A series of three or 
four watch-glasses, each containing sterile fluid introduced with a sterile pipette, is 
therefore needed. The first is provided with a quantity of the original algal mixture. 

Several cells may be handled at the same time without emptying the capillary when 
a specimen has been sucked in, and the same capillary can be used for the entire series 
of washing transfers. If, however, the tip becomes soiled by adhering mucilaginous 
matter, it must be shortened or drawn out afresh to provide a clean tool and to avoid 
contamination by organisms adhering to the outer surface of the capillary. 

If only a few or but a single specimen of the required species can be found, isolation 
is often nevertheless possible, although the risk of loss then renders washing inadvisable. 
The cell or cells are therefore transferred directly to a soil-water culture of a type most 
likely to be suitable to their needs and, when the first signs of multiplication are observed, 
the material thus obtained is used for the preparation of several secondary cultures by 
picking up single cells in the usual way. Cultures have thus been raised from single cells 
on several occasions. 


From the last watch-glass, individual cells or filaments are used for inoculating cultures. 
If an appropriate medium has been found, single cells will usually give rise to cultures. 
If, however, there is reasonable certainty that individuals of different species are not 
included, it is safer to transfer several cells to each tube. This is specially advisable when 
a species is being dealt with for the first time, and the suitable kind of culture medium 
is not yet known. Single-cell or clone cultures are thus deferred until the conditions for 
reliable multiplication have been ascertained. Such clone cultures should, however, never 
be neglected if taxonomic descriptions or physiological research are to be based on 
homogeneous material. 

Until special skill in employing the above technique has been acquired, there may 
sometimes be difficulty in distinguishing the required species undei! the binocular micro- 
scope. When this is so, the organism should be examined successively under high power, 
under medium magnification and under low power, before using the binocular microscope. 
Under low power note is taken of its shape and size, of its visual appearance, and, in 
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flagellates and zoospores, of its manner of moving, so that confusion with other organisms 
becomes improbable. 

A difficulty may result from cessation of movement when the organism is transferred 
to another medium. In such instances the organism may appear undisturbed in the 
first watch-glass, although during the subsequent transfers active movement ceases and 
an unhealthy appearance is acquired. This difficulty can often be overcome by keeping 
the material for a day in a mixture of equal })arts of the original fluid and of that to 
be used in the process of isolation by washing. Then more of the washing fluid is added, 
and thus the organisms are accommodated to it, before the actual process of isolation 
commences. 

IV. Cultural conditions anj) observation of results 
The conditions to which cultures are exposed, depend on the needs of the species con- 
cerned. Organisms containing chlorophyll are kept in the light, while colourless forms 
may be reared in the dark unless it is proposed to conduct feeding experiments with 
green algae. 

Cultures, exposed to the light, are best placed or suspended near a north window 
during the brighter season of the year (Richter, 1911 ; Pringsheim, 1926, p. 292). At other 
times, i.e. from September till March, the intensity and duration of natural illumination 
is insufficient, judging by my experience in Prague and Cambridge. The illumination 
must therefore be supplemented by artificial light or the latter used exclusively. In the 
former case electric bulbs are grouped inside the room near the window so that the 
cultures receive additional illumination apart from the daylight. The bulbs also cause a 
slight rise of temperature, which may be advantageous because slow development during 
winter seems to be due to low temperature, as well as to insufficient illumination. For 
the same reason the culture vessels should not touch the window ]:)anes. 

It is usually stated that algal cultures should not be exposed to direct sunshine, and 
as a rule this warning is justified. In nature, however, algae are sometimes found ex])osed 
to insolation. In early spring and late autumn at least, cultures often thrive better at a 
west or east or even a south than at a north window. They can be protected from the 
effect of too intense radiation by sheets of tissue paper. When the cultures show con- 
siderable growth, they are transferred to a cooler place with dim illumination, for instance 
a north window in an unheated room, and numbers of them are kept in large jars with 
paper lids. 

For the provision of a more constant source of illumination, full artificial light is 
indispensable. It is only in this way that comparable cultural results can be obtained. 
A single large bulb of 400 or 500 W. is more economical than several smaller ones of, say, 
50 W. Using ten of the latter, illumination nowhere much exceeds that between two 
bulbs only, while it is approximately five times as strong at a certain distance from a 
500 W. lamp as at the same distance between two 50 VV^ lamps. 

The effective light radiation from such a large bulb can only be properly utilized if 
a cooling screen of water is interposed to prevent overheating and drying out of the 
cultures; otherwise they would have to be placed so far from the source of light that 
the intensity would be insufficient. In order to obtain a fairly constant illumination the 
lamp and its water-screen should be placed in a dark room. 

A simple illumination device consists of a 500 W. lamp, surrounded by continually 
running water. It need not be in operation during the whole 24 hr.; 8-12 hr. are 
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sufficient. Algae, which would sooner or later grow on the inner surface of the vessel, would 
appreciably reduce the light intensity, but this can be remedied by separating the water- 
screen from the cooling system. Tap water is allowed to flow through a coiled copper 
pipe arranged above the source of light, so that the screen of distilled water, poisoned by 
a little copper sulphate, is indirectly cooled by the tap water (Pringsheim, 1926, p. 309; 
1945, pp. 83 et seq.). Regarding the devices used for suspending culture tubes and 
exposing them to natural or artificial light, see Pringsheim (1926, pp. 292-3; 1945, p. 86). 

The time needed for a culture to develop from a single cell into an evident population 
depends on temperature and light intensity, as well as on the composition of the medium. 
Under equal conditions it takes much longer than takes a subculture started with a 
larger quantity of living material, although this is not the only reason for differences 
between single-cell and mass-inoculation cultures. The latter often lead to a more 
plentiful and healthier growth. The best time for microscopic investigation is commonly 
during the period of a few days or weeks after heavy inoculation, for later the indi- 
viduals may be full of reserve substances. Young plants of filamentous algae may be 
present in large numbers after mass-inoculation, while the later stages may not develop 
at all owing to competition. 

Many soil-water cultures keep for half a year or longer, if placed in a cool and dimly 
lighted place. The greatest danger is evaporation of the surface fluid, leaving the algae 
as a dry ring; complete desiccation usually results in the death of the whole culture. 
Even the concentration of the culture fluid by eva})oration is dangerous. This can be 
prevented by adding sterile water, but it is more convenient and efficacious to reduce 
evaporation by covering the opening of the tube. The simplest device consists of a disk 
of ‘wax-paper’ (impregnated with solid paraffin) and kept in place by a rubber band or 
a ring of gummed ])aper; cellophane or ordinary paj)er can also be used. A cap of tin-foil, 
fastened to the tube by insulation tape, is almost completely air-tight and preferable to 
a rubber cap which becomes brittle under the influence of light. Caps of this kind should 
not be applied before the culture has reached a sufficient development, since they com- 
pletely sever the connexion between the inner and outer air which is not so if paper 
is used. 

Aspects of the growth of micro-organistns in cultures, which cannot be ju’operly ob- 
served with the naked eye, are often detectable with a hand lens, especially if inspected 
against a frosted electric bulb. Observation under a low-power microscope of the contents 
of a tube is also possible to a certain extent, and often very helpful. The disturbing optical 
influence of the cylindrical surface of the culture tube (!an be reduced by attaching a 
coverslip to it with a drop of glycerine. 

For microscopical investigation under high power, drops of the culture fluid from that 
region in which the organisms live are removed with a sterile pipette. Emphasis should 
be laid on the value of hanging-drop preparations and dark-ground illumination, with 
which every student of micro-organisms should be familiar. Much confusion has arisen 
from the exclusive investigation of preserved material or fixed and stained preparations, 
which often cannot be adequately interpreted without simultaneous observation of living 
material. It is often useful to watch motile cells in a hanging drop, while subjected to 
iodine-, bsmic- or formalin-vapour. For this purpose the coverslip is fixed to the hollowed 
slide by a minute drop of water, so that another drop, containing the volatile reagent can be 
added with a loop when the organisms, first observed in the living state, are to be fixed. 
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V. Range of possibilities and discussion 

The technique described in the preceding pages is easily applied but, if the best use is 
to be made of it, it must be adapted to meet special needs. The range of [)Ossibilities is 
wide and attractive. On the one hand we have the algae of oligotrophic waters, e.g. lakes 
with rocky bottoms. On the other hand we have the organisms found in localities where 
there is plentiful decay of organic substances, and where, as a consequence, there is 
competition with bacteria and manifold Protozoa. Soil- water cultures affoi* 1 the possi- 
bility of creating conditions suitable for the growth of both and of almost every other 
kind of micro-organism. 

By using a soil, poor in humus and other organic remains, together with glass-distilled 
water, the conditions found in oligotrophic waters can be imitated. The concentration of 
dissolved substances can be varied by using different amounts of soil. Addition of low 
concentrations (0*001- 0-01 %) of mineral nutritive solutions provides conditions suitable 
to organisms which are a little more pretentious and renders the growth richer and more 
prolonged. The substitution of peat for soil makes the medium both acid and rich in 
humus, while the concentration of nutritive salts remains low. Various kinds of peat 
(cf. }). 196) have a different effect. 

The conditions obtaining in the natural habitat should always be taken into considera- 
tion. The whole method is an ecological one, imitating the circumstances prevailing 
where the organism occurs and often more fully defining them when they are little 
known. Cells of a given species should consequently be inoculated into various media. 
The diversity can consist in the use of different kinds of soil and in varying its 
(juantity in relation to the water. Up to a certain point the can be varied 
by using different kinds of soil, by adding peat or calcium carbonate and so on. Further 
possibilities lie in the addition of organic substances (cf. p. 196) capable of putre- 
faction, thereby infiuencing the amount of soluble carbon compounds, the pR, the 
and (JOg-tension, the (juantity of bacteria, etc. Organic substances, added to the 
soil, are indispensable for saprotrophic flagellates, e.g. Chilomonm, Astasia, Pohjtonm, 
while holozoic Chrysomonadaceae and other flagellates are so modest in their require- 
ments that they multiply in mere soil-water cultures with garden soil, the organic sub- 
stances present sufficing for enough bacteria to feed upon. There are, on the other hand, 
quite a number of chlorophyll-containing organisms which multiply more copiously, if 
supplied with a small quantity of putrefiable material. The presence of small grains of 
cereals at the bottom of a tube with soil and water has a favourable influence on the 
development of certain green species of Euglenaceae and Chlamydomonadaceae. 

Not all the chemical elements retjuired by micro-organisms are present in sufficient 
quantity in every soil from a garden or a cultivated field. This is borne out by com- 
parison with cultures containing additional inorganic nutritive substances, which some- 
times have a favourable influence. Fe and Mn are generally available in an amount 
sufficient for Trachelomonas but not for all flagellates with iron and manganese deposits. 
Anthophysa, Siderodend/ron and biologically similar forms may therefore excrete con- 
spicuous Stalks only if more Fe and Mn are provided than are contained in the soil. 

A complete list of the organisms so far grown in serial soil-water cultures over a longer 
period as ^persistent cultures’ (Allen & Nelson, 1910, p. 424) would occupy too much 
J. Eool. 33 
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space, but the following examples may be mentioned to illustrate the wide range of 
possibilities. 

Iron and purple bacteria, Zoogloeae and Spirilla^ all of which are not readily grown in 
pure cultures, are common in raw cultures inoculated with mixed material from nature 
where such forms live. They can be raised at will and cultivated indefinitely. Some 
Chrysophyceae, most of which have hitherto scarcely been grown in cultures, multiply 
readily from single cells or coenobia. Among them are Ochromonas, Chromulina, Synura^ 
Uroglena, Dmobryon and the apochlorotic genera Monas, Oikornonas, Anthophysa. The 
same can be said concerning colourless flagellates of doubtful allegiance, such as Naegleria 
(syn. Dimastigamoeba), Bicosoeca, Poteriodendron, Desmarella and others, as of many 
Ciliates. Volvocales and Cryj)tophyceae almost all multiply well. Dinophyceae are 
difficult to grow, although two or three of the few species tested throve abundantly. 
This is also true of all green and colourless Euglenineae, with the exception of certain 
holozoic forms, for only few of which suitable living conditions could so far be provided. 
Little experience has been collected regarding Diatoms, but some of the fresh-water and 
marine forms grew very well. Cyanophyceae, such as Oscillatoria, Phornddium, Pseuda- 
nabaena, Merismopedia, Chroococcus, Synechococcus, Anabaena, Nostoc, etc., also for the 
most part grew exceedingly well. Many species of Chlorococcaceae, Scenedesmaceae, 
Ulotrichaceae, Oedogoniaceae and Chaetophoraceae are easily cultivated by this means. 
Several species of Vaucheria were grown in soil-water cultures from isolated zoospores, 
which proved to be the only way of excluding other algae, and afforded normal and 
healthy material showing the same features and kinds of reproduction as in nature. Of 
Conjugales Spirogyra and Mougeotia, as well as Desmidiaceae and Mesotaeniaceae, throve 
in such cultures. I have so far little experience with seaweeds. On the whole, organisms 
which could not be grown with the methods described are exceptions. 

The opinion that appreciable progress has been achieved by the soil-water culture 
technique, is based on the following considerations : 

(1) It seems probable that it will soon be possible to cultivate almost every free-living 
alga or flagellate as well as other small organisms, such as ciliates, worms, larvae of 
larger animals, etc. Most of the species hitherto investigated have grown more abun- 
dantly and healthily than in other types of cultures. Biphasic cultures persist longer 
than monophasic cultures with nutritive solutions and are superior to the latter 
for most purposes, except in relation to the study of the actual physiology of 
nutrition. 

(2) The conditions of life in such cultures for the most part resemble those found in 
nature. The course of the life cycle and complexities of morphological structure can 
often be followed up more completely than in the original habitat. 

(3) By singling out individual cells, coenobia or filaments and using them as the 
starting-points for cultures, the population of a piece of water can be analysed. The 
various species isolated are protected from competition, which would eliminate most of 
them if they were left together under laboratory conditions. When a fraction of a 
natural population is removed from its habitat, its composition changes in a few 
days or even hours, either owing to the lack of special nutritive compounds or the 
accumulation of bacteria or other rapidly growing micro-organisms. The first-named 
effect prevails under oligotrophic, the latter under polytropjiic conditions. The addition 
of a mineral nutritive solution or of single salts is not very helpful, since it tends to favour 
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the more rapidly growing and readily adaptable forms to the detriment of specialized 
ones which are often more interesting. 

(4) By varying the ingredients in biphasic cultures the optimum combination of 
conditions can be discovered, and valuable information obtained concerning ecological 
adaptation. Although the cultural media employed are of a complex nature, their 
utilization constitutes a nearer approach to the solution of ecological problems than can 
be attained by the use of monophasic media, because the conditions more nearly re- 
semble those in the original habitat, while growth is more prolonged and less disturbed 
by changes in the medium. 

(5l) When algae, flagellates and other small organisms are grown in soil-water cultures 
they flourish for a longer period than they would in the original medium under laboratory 
conditions. They can thus be used at leisure for morphological investigations, for demon- 
stration and class-work and for starting new cultures. 

Although developed only four years ago the soil-water technique has already been 
widely used though not yet systematically explored. It is to be hoped that further 
investigations will lead the way to other improvements, so that it may become possible 
to grow a still larger variety of organisms, including more of those whose culture 
has so far proved difficult or impossible. Such are the forms found in waters with an 
extreme paucity of nutritive elements, or those which require other special organisms 
as a source of food. In the first case the difficulty lies in the rapid exhaustion of the 
very dilute nutritive solutions to be used, not so obvious in nature because of the low 
density of the ])opulation throughout the habitat. The difficulty of growing such oligo- 
trophic organisms in sufficiently large numbers for detailed investigation, can be over- 
come by employing nutritive substances of low solubility which are only slowly used up. 
Soil-water cultures, with their two phases, are helpful also in this respect. 

Forms depending on solid organic food particles mostly feed on living micro- 
organisms; they can often be supplied in cultures with the latter, as has been done with 
flagellates, amoebae and ciliates. Organisms supplied as food in a medium which favours 
their multiplication, however, often tend to grow too rapidly and may overwhelm the 
forms which they are supposed to sustain. On the other hand, transference to an in- 
different medium affording no nourishment for the food organisms leads to their rapid 
elimination, as a combined result of starvation and of serving as a source of food. The 
problem, therefore, becomes one of equilibrium between the feeding organism and that 
which supplies food, which, in nature, is the basis of their mutual existence. To a certain 
extent this difficulty can be ov^ercome by using dilute media or such as are not too 
favourable, but soil-water cultures with their capacity to supply nutritive substances 
over long periods would often appear to be the better, or even the only satisfactory 
device. 

VI. Summary 

A simple technique is described, with the help of which many micro-organisms have 
been grown in culture for the first time or more successfully than has hitherto been 
possible. It consists in using culture vessels containing soil, sometimes with the addition 
of nutritive substances, and water, and heated so as to destroy most of the germs present. 
Isolated cells, coenobia or filaments are inoculated and in general multiply more healthily 
and vigorously than in the cultural media hitherto employed. 


14-2 
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OBSERVATIONS ON THE COLONIZATION OF BARE CHALK 

By G. H. locket 

{With Plate 10 and one Figure in the Text) 

In view of the fact that not many records have been made of the colonization of bare 
chalk, it was felt that the following observations, begun in 1933, on the latest of the 
Harefield (Middlesex) series of chalk pits (abandoned in 1929), were worth putting on 
record. 



The region investigated consists of an oblong pit (Fig. 1) measuring about 150 by 
100 rn. It is some 15 m. deep at the upper and 10 m. deep at the lower side and is cut 
in the side of the hill sloping from Harefield to the Grand Union Canal. Colonization 
was studied on the floor of the pit and on the slopes along the north-east side from 
which chalk had been won. The slopes (35 -40° to the horizontal) were divided from each 
other by ridges and covered with unstable chalk scree; they are referred to as the 




206 Observations on the colonization of hare chalk 

'screes’. Some boulders at the base of a cliff at the north corner are called the ‘North 
boulders’, and an interesting small area was provided in 1940 by the construction of 
a 25 yd. range by the Home Guard, leaving the chalk bare. The chalk is overlaid here 
by a 4-6 ft. stratum of Woolwich and Reading beds (sand and gravel), hence the sur- 
rounding flora is by no means typical of chalk. 

Half-metre quadrats were started in 1933 on the floor and on Scree 2. For counts and 
records Scree 4 was selected as typical. 

It seems very likely that we have here an extreme case of the type of colonization 
discussed by Hope-Simpson (1940) which he considers should occur in the absence of 
rabbit grazing, namely, progress to woodland without intermediate formation of a stable 
herbaceous association. (In the Harefleld pit rabbit grazing is very light.) 

Woody plants 

In the floor area Salix caprea and S, nnerea with Betula alba were the precursors, the 
former two species showing signs (1943) of having reached their limit of growth at some 
12 ft. high. Acer pseudoplatamis, Crataegus monogyna, Fraxinus excelsior have become 
well established more recently as well as Quercus robur. All colonize the bare chalk 
without any difficulty and have spread throughout the area. The trees (now mostly 
destroyed by the military) in the older workings included Salix caprea, Fraxinus, IJhnus, 
Aesculus hippocastanum^ Acer pseudoplatamis and Crataegus, but even here it is very 
doubtful if any real stability had been attained. Rubus sp. occurs but has not grown 
to an extent which makes it important as yet. 

On the screes the same Salix and Betula spread and grew rapidly in spite of severe 
attacks by rabbits in the winter 1933-4. They exploit the pulverized top soil and their 
main roots run horizontally for a distance approximating to the height of the trees. As 
the soil moves down the slopes these roots become bared and the Salix tends to die when 
about 6 8 ft. high, BeUila, exploiting more the lower crevices, survives better. Crataegus 
occurred in 1933 and has increased slowly, being found frequently in 1943. The conditions 
for the survival and increase of Clematis 'viialba are not clear. On Scarce 4 the numbers 
of this plant in 1937, 1939, 1940 and 1943 were 16, 48, 36 and 19 respectively. Local 
dominance in parts of the older workings was temporary. 

Herbaceous plants 

In July 1933 the whole floor area was dominated by Melilotus officinalis growing 2-3 ft. 
high, then in full bloom. The following year showed a marked decrease, but in 1935 
there was again an increase (though not to the 1933 level) to be followed in 1936 by an 
unprecedented decrease. In 1937 an increase again occurred to be followed by a steady 
decline in numbers (except for a slight increase in 1940). By 1942 it was hard to find 
plants in the pit. The fluctuations up to 1937 may well be due to the biennial habit, 
and a precisely similar fluctuation was obtained by sowing a bare bank of clay at Harrow. 
Drought does not appear to be a serious factor. The seeds germinate quickly and are 
viable for at least 7 years, but Melilotus officinalis cannot withstand competition, being 
ousted at Harrow in 3-4 years by grasses. It is interesting to note that it flourishes in 
east Yorkshire on cliffs which are constantly eroded, thus exposing new soil surfaces. 
Rabbits were not found to attack it in the chalk pit and cannot have played much part 
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in its disappearance. Lotus corniculatus was abundant throughout the floor area, and it 
was not seen to be attacked by rabbits, although severe frost (1939-40) damaged it. 
Preferentially, it exploits crevices well below the upper weathered chalk, leaving the 
latter to Medicago lupulina, Festuca ovina and F, rubra. The Medicago is a very rapid 
colonizer of bare chalk but is susceptible to drought and soon loses its local dominance. 
The fescues flourished exceedingly in the absence of rabbit attacks after 1940 ; they were 
highly susceptible to drought but always increased steadily after colonizing bare chalk 
very readily. In 1933 a mat of dead fescue was found at the south-west end of the pit 
mixed with the living plants. Decomposition was slow owing to drying out until, by 
1942, with the accumulation of Brachythecium purum and Eurhynchiuni praelongwm and 
weathering of the chalk, an organic layer was accumulating in the top 2 in. of soil. 
Arrhenatherurn elatius was a colonist of first-rate importance which established itself 
wherever crevices were available, and it also exploits the weathered top soil. Although 
invading a new area less quickly than Festum (it was frequent but nowhere dominant 
on the Home Guard range after 2 years), yet it has quickly become abundant everywhere 
and there has been no record of its decrease, nor of attacks by rabbits. It was locally 
dominant in some of the older workings, and doubtless it will always compete successfully 
as long as crevices are available for its roots. For instance, though it was frequent on the 
screes by 1943, it was abumlant on the loose chalk boulders below. 

For the rest the following observations speak for themselves. 


Plants colonizing the Ilotne Guard range {cleared, and abandoned in 1910) 



1941 

1943 


1941 

1943 

Achill(‘a millefolium 

o. 

o. 

Medicago lupubnu 

0. 

l.d. 

Agrostis stolonifera 


o.-f. 

Bimpinolla saxifraga 

. 

f. 

Arrhenatherum elatius 

f. 

f.-a. 

IMantago media 

, 

o. 

Artemisia vulgaris 


o. 

Populus sp. 

. 

r. 

A vena pubesct^ns 


o. 

Rknunculus l)ul bonus 

0. 

0. 

Betula alba 

o. 

f. 

Reseda luteola 

l.a. 

\ot found 

Bromus erectiis 


o. 

Rosa canina 


1 ,.i. 

C'entaurea nigra 


o. 

Rubus fructicosus agg. 

. 

0. 

( ■hrysanthemum Icucanthemum 

o. 

0. 

Rumex acetosa 

o. 

o. 

C’irsiuin lanceolatum 

o. 

f. 

R. crispus 


2 pis. 

( ■lematis vitalba 


1 pi. 

Salix cinerea and caprea 

r. 

f. 

Crepis biennis 
(’. taraxaoifolia 

o. 

f. 

Scrophularia nodosa 

o. 

f. 


o. 

Seneoio erucifolius 

o. 

r. 

Dactylis glomerata 

o. 

f. 

Sonchus oleraceus 

o. 

o. 

[Caucus carota 

o. 

o. 

Taraxacum vulgare 

o. 

f.-a. 

E pile bi um ang ustifoliu m 


o. 

Trifoiium pratense 


r. 

Eestuca rubra and ovina 

o. 

a. 

Tu8.silago farfara 

o. 

f. 

Heracleurn sphondylium 

o. 

o. 

Veronica chamaedrys 

. 

o. 

Hieracium pilosella 


l.a. 

Vicia siitiva 

. 

f. 

Hypericum })erforatum 

Ixiontodon hispid us 

Lotus corniculatus 

o. 

f.-a. 

o. 

o. 

Bryum capillare with 

Barbu la falla.x 


a. 


Numbers of plants in characteristic 0*25 sq.m, quadrats 


Quadrat 1. Counts of Lotus corniculatus were made on the emergent stems from wliich branches came. 
Rabbit grazing was never severe but continuous until 1940-1, w^hen all rabbits disappeart‘d from the area. 
The results are considered to be wholly typical of this part of the floor area. 


Agropyron repens 
Agrostis stolonifera 
Arrhenatherurn elatius 
Crepis oapillaris 
Dactylis glomerata 
Daucus oarota 


1933 


1 

2 


1934 


2 

2 


193ft 


13 


1937 

3 

8 


1938 

2 

7 


1939 

1 


14 


1940 

3 

3 

9 


1943 


1 

15 

12 

IG 
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Number of plants in characteristic 0-25 sq.m, quadrats (continued) 


Fragaria vesca 
Geranium sp. 

Holcus lanatus 
Linaria minor 
Linum cathartic um 
Lotus corniculatus 
Malva sylvestris 
Medicago lupulina 
Melilotus officinalis 
Pimpinella saxifraga 
Kosa canina 
Salix cinerea or caprea 
Taraxacum sp. 
Tussilago farfara 


1933 

1 

2 

13 

i 

4 


1934 

5 

5 

i 

1 


1936 


2 

23 

4 

1 


1 


1937 


1 


21 

1 

9 

1 


1938 

2 

24 

li 


1939 


4 


25 

2 


1940 


12 

21 

1 

12 

1 

i 


1943 

3 

1 

11 

22 

10 

12 

i 


Quadrat 2. After 10 years the area is still quite open, being now overshadowed by a Salix bush. The coming 
and going of Clematis vitalba is clearly shown; it was no nearer to lieing established in 1943 than in 1934. 
Hypericutn 'perforatum, on the other hand, showed an irurrease after 1941 and this happened all over the screes 
area. Two specimens of Cirsium lanceolatum survived for 4 and 5 years respectively without producing flowers. 
One individual of Agrostis stolonifera survived for 6 years. 'Crepis' seedlings probably include C. capillaris, 
C. taraxacifolia and Taraxacum sp. ' Leontodou' seedlings are at least L. hispidus and Ilypochaeris radicata. 


Agrostis stolonifera 
Artemisia vulgaris 
Chrysanthemum leucanthemum 
Cirsium lanceolatum 
Clematis vitalba 
Dane us carota 
Fraxiniis excelsior 
Heracleum sphondyliuni 
Hypericum perforatum 
Malva sylvestris 
Reseda luteola 
Salix cinerea or caprea 
Scrophiilaria nodosa 
Seneoio erucifolius 
Tussilago farfara 
‘ Crepis ’ seedlings 
‘ Leon tod on ’ seedling.s 


1934 1935 1936 1937 I93S 1939 1940 1941 1942 1943 


2 2 

3 4 


1 


1 

10 3 

1 4 


1 

1 1 

2 2 

3 6 


1 


2 i 

1 6 

2 3 


1 1 

1 

2 2 

2 1 

7 4 

i i 


1 1 

1 

3 1 

() 6 


1 1 

! i 

1 

3 4 

1 

1 2 

i ! 

1 2 


2 i 

i 3 

3 4 


1 1 


1 

2 3 

i i 

2 

3 6 

1 

i 1 

i 


2 1 


Area Scree 4. The sudden disappearance of Platilayo lanceolala from the top of the screes in 1943 is very 
curious, since no landslide sufficient to account for it has occurred. 

The symbol ‘ f ’ indicates that the plant was present occasionally. The absence of a symbol means that the 
plant was not found. 

The species asterisked chiefly colonize the loose soil at the top of the sc^rees. 



1934 

1937 

1943 


1934 

1937 

1943 

Acer pseudoplatanus 

, 


3 

♦Lotus corniculatus 

37 

v.a. 

l.d. 

Betula alba 

1 

+ 

16 

Melilotus officinalis 

50 

-f 


Centaurea nigra 

, 

37 

>200 

♦Plantago lanceolata 

+ 

140 

-t- 

Chry san then i um leucan th em u rn 

66 

59 

10 

Quercus robur 

. 

2 

6 

Cirsium lanceolatum 


+ 

1 

Ranunculus bulbosus 



f. 

Clematis vitalba 

, 

16 

19 

Reseda luteola 

22 

21 


Crataegus monogyna 

. 


3 

Rosa canina 


, 

2 

Crepis capillaris 

34 


, 

Rumex acetosa 

18 

-f 

2 

C, taraxacifolia 



f. 

Salix cinerea and caprea 

2 

? 

13 

Daucus carota 

. 


f. 

Scrophularia nodosa 

2 

4 


Epilobium angustifolium 

17 

-f 

6 

Senecio erucifolius 


+ 

f. 

Fraxinus exceiaior 


-f 

29 

Tussilago farfara 

*9 


1 

Hieracium piloaella 



l.a. 

Veronica chaniaedrys 

, 

-f 

l.a. 

Holcus lanatus 


+ 


Vicia sativa 


+ 

+ 

Hypericum perforatum 


+ 

29 





Lathyrus pratensis 

-f 

+ 

5 

Dactylis glomerata 


-f 


Leontodon hispidus 

5 

r. 

. 

Poa pratensis 



. 

Linaria minor 

a. 

f. 

. . 
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a 



b 

()l)S(‘i‘vat inns on tin* cnlonizal ion oi’ hart' c‘halk: Iho Han'linhl rlia]k-j)il Iroin Thn 
vsanie viow-poinl {a) in (b) in 1943. 



G. H. Locket 209 


The occurrence of plants not otherwise recorded 



J^oeality 

1934 

1937 

1940 

1943 

Acer campestre 

Floor area 



o. 

o. 

Agrimonia eupatoria 

Floor area 


0. 

r. 

r. 

Anacamptis pyramidalis 

Floor area 

o. 

o. 

o. 

f. 

Artemisia vulgaris 

Floor area and screes 

o. 

o. 

o. 

o. 

Barbarea vulgaris 

Floor area 

f. 

f. 

o. 


Brachy podium sylvaticum 

North boulders 

f. 

f. 

a. 

l.d. 

Briza media 

Floor area 

o. 

o. 

t). 

o. 

Bryonia dioica 

North boulders 

f. 

i'. 

f. 

f. 

Centaurea scabiosa 

Floor area 




r. 

Dipsacus sylvestris 

Floor area 

f. 

r. 

r. 


Epilobium hirsuturn 

North boulders 

o. 

o. 


0. 

F u maria offi cirialis 

Floor area 

o. 

o. 

o. 

r. 

Galium erectum 

Floor area 




1 pi. 

H eracleiim sphondyl i u m 

J^door area 

1 pi. 

o. 

o. 

l.a. 

»» »» 

Screes 




o. 

Hieraeium pilosella 

Floor area (3 patches) 


l.a. 

l.a. 

l.a. 

Orchis maculata 

l^'loor area 

o. 

f. 

f. 

l.a. 

Origanum vulgare 

Floor area (1 patch) 


1 i>l. 

l.d. 

l.d. 

i^oa praU'nsis 

Floor area (prf)bablv overlooked earlier) 


l.f. 

o. 

Potentilla ans(‘rina 

North bouhlers 


l.f. 

l.f. 

Poteriiini sangnisorba 

Floor an*a 



r. 


Primula veris 

I'Moor area 

o. 

l.a. 

l.a. 

l.a. 

Haimncidus repens 

Floor area 




l.a. 

Bn bus fnicticosns agg. 

Nortli boulders 

1 ‘. 

i. 

l.a. 

l.d. 

Senecio jac.obea 

North boulders 

l.a. 

f. 

r. 


Sonchus arvensis 

Floor area 

r. 

r. 

r. 

r. 

Tragopogo n ] ) rate n s i s 

fdoor area and scree.s 




o. 

'rrifolium rejiens 

Floor area (1 patch) 




l.d. 

V^ieia eracca 

North bould(‘rs 

o. 

o. 

o. 

o. 

Ur Bichards (1928) records 
complete. 

other mosses fnun the area (see j). 

207), but he warns me 

that the 

list may 

not 


Tliere is little doubt that throughout the whole area water supply is a most important 
factor, and an attempt will be made to throw light on the problem in a second paper. 

In conclusion I wisli to express my best thanks to Prof. E. J. vSalisburv for suggestions 
and j)ractical helj), to Dr P. \V. llichards for identifying the mosses, and for help from 
members of the Harrow School Natural History Society, especially from D. Burnett. 
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A CONSIDERATION OF JUNCUS EFFUSUS L. 

AND JUNCUS CONGLOMERATUS L. 

By R. D. tweed and N. WOODHEAD, University College of North Wales, Bangor 

Early in 1942 Prof. Pearsall told us of his observations on the British distribution, 
horizontal and vertical, of J uncus conglomeratus L. and J. effusus h., and said that in 
his opinion the critical points of distinction between these two species were not yet 
generally comprehended. Since then our own observations in Wales have confirmed his 
opinions on the distribution, and our survey of recent literature certainly suggests 
confusion between these Junci. 

The separation of Meyer’s J . communis into these species in the field has apparently 
been based upon the simple morphological character expressed by their specific nanies, 
the former being applied to those with a compact inflorescence, and the latter to those 
with a spreading inflorescence. The reason for this is not hard to seek, as many of the 
standard British floras particularly emphasize the character of the inflorescence, whether 
J. communis Meyer is used to cover both species, or whether they have been separated 
into J. conglomeratus L. and J. effusus L. Graebner (2) goes so far as to write that the 
two species cannot be distinguished unless fruits are available. It is important to bear 
in mind that the two species are separated chiefly by differences in the capsule and stem. 
These points are fairly stated in the brief analysis introducing each species in the 
‘Biological Flora of the British Tsles’ (6), where also a passing reference is made to the 
frequent confusion between them: some of the subsequent information in this ‘ Flora ^ 
is so contradictory that the confusion due to the nomenclature may well increase rather 
than diminish. 

The ‘Biological Flora’ refers to a variety of J. effusus with a compressed inflorescence, 
incorrectly cited as var. congest/us Lej. & Court. It should properly be referred to as 
J. effusus L. var. compactus Hoppe ( = «/. effusus L. var. subglomeratus Lam. & DC.). 
Lejeune & Courtoi8(4) made no mention of a variety 'congestus\ The nomenclature is 
the subject of a separate paper by the present writers, for there has been a long history 
of continued wrongful citation. 

The ‘Biological Flora’ has not taken into account the very widespread distribution 
of this variety, so often mistaken for J . conglomeratus. It is our experience that no 
reliance can be placed on records of J . conglofneratus for North Wales unless there is a 
clear expression that cognizance has been taken of the variety. Search over the four 
counties, Anglesey, Caernarvon, Denbigh and Merioneth, leaves us with the conclusion 
that J. conglomeratus is a very rare plant within their bounds. 

The scheme on p. 211 portrays the main contrasts between the two species, and the 
corresponding characters of the variety for comparison. 

In passing, the Welsh specimens of ripe seeds do not agree with Buchenau’s measure- 
ments ( 1 ), which, in turn, were not in conformity with later published data. The statements 
in the ‘ Biological Flora ’ that the seeds of J. effusus are yellowish is not borne out by 
examination of ripe seeds from Welsh specimens, nor by the descriptions in continental 
Floras, etc. 
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J. effu8U8 

J . effusus var. compactus 

J . conglomeratus 

Axis 

Faintly striate with 40-90 
striation, smooth to the 
touch 

Similar to J . effusus 

Conspicuously striate with 20 
or less striations, rough to 
the touch 

Fruit 

Retuse, not apiculate. 
Colour olivaceous 

Retuse, not apiculate. Brownish, 
darker at tij) 

Truncate, apiculate. Brownish, 
darker at tip 

Perianth 

segments 

Green with broad scarious 
margin 

Variable in colour, but usually 
mon; or less intermediate be- 
tween the two species 

Reddish, with green centre 

Leaf sheath 

Not inflated 

Not inflatt^d 

Inflated 

Seeds 

Raddish brown, approx, size 
0-47 X 0-21 mm. Number 
per capsule 50-100 

Yellow, approx, size 0-53 x019 
mm. Numl>er per capsule 50- 
J(K) 

\'ellow, approx size 0-58 x 0-21 
mni. Niiinl>er per capsule 
50-fH) 

Anthers 

Oval, about as long as the 
filaments 

— 

Strap -shaj>ed, nearly as long 
as the filaments 


The summary of altitudes given on p. 376 of the ‘Biological Flora’ does not seem to 
create a clear impression of the distributional features of these plants. There is much 
reason to believe that J. effusus is generally much more frecjuent in this country at 
higher altitudes. 

The information on p. 382 is so contradictory that some of the altitudes given must 
be suspect for J . congloweralus. If the species is al^undant in the north and west, it 
can only be so below 1(K)0 ft., for Pearsall’s experience is that it rarely occurs above 
that level. Where the species are separated in ecological literature it is almost always 
J , effusus that is abundant or dominant, e.g. among the Sphagneta of the northern 
Pennines and Cornwall (Tansley (8), pp. 697, 698). Little emphasis can be placed upon 
those rush communities in the fens of Lough Neagh, for Tansley’s statement itself ((8), 
p. 666) implies a doubt concerning the actual identity of the ‘common rush ’ there present. 
Moss (5) makes no mention of J. cortglomeratus communities in the Pennines but states 
that ‘The rush {J uncus effusus and J. effusus forma compaclus), in damp places, and 
independently of conditions of shelter or exposure, is an abundant and characteristic 
associate. The bracken and the rush, in fact, are, in many places, harvested by the upland 
farmers.’ It is significant that in his list of species of J uncus swamps these abundant 
communities do not include J. conglomeratus. Of the two species, J . effusus is decidedly 
the commoner dominant. In Snowdonia it is an extremely abundant plant. 

Ill North Wales, our difficulty has been to find any specimens of J . conglorncratus at all, 
even at low altitudes. Two localities were found in the Conway Valley, one in a larch 
plantation at Gelli, Crafnant, near Trefriw, at a height of about 600 ft., the other near 
Penmachno, somewhat below that height. A third locality was in Cwm Gwara, near 
Clynnog-fawr, south of Caernarvon. In every case the distribution was patchy and rare 
among an abundance of other rush species. The extensi\"e areas dominated by rush in the 
mountains of North Wales have J, effusus L. var. compactus Hoppe as the dominant 
species, which, as has already been pointed out, can easily be mistaken for J . congloine- 
ratus. The list on p. 212, which is by no means exhaustive, but indicative of the very 
wide range of locality and altitude occupied by the plant, gives an impression of the 
wide search made. The variety was abundant or dominant in every case. 

The Migneint area corresponds roughly with the example quoted in the ‘ Biological 
Flora’ ‘on Silurian slates of central North Wales near Bala’ for J, conglomeratus. It 
seems most likely that the plants were actually J. effusus var. compactus. 

Few county Floras mention this variety, though many we have examined make the 
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Juncus effusus L. and Juncus conglomeratus L. 


Juncus effusus L. var. compactus Hoppe 


Locality 

County 

Altitude (ft.) 

Collector 

Llangeinwen 

Anglesey 

10 

D. Thoday 

Malltraeth 

*» 

20- 50 


Llyn Coron 

>1 

30 

>» 

Valley 

»> 

50 

H. Jacob 

Portmadoc 

Caernarvon 

0- 50 

R. E. Hughes 

Aber 

»> 

100 

Authors 

Ogwen 

»» 

200- 600 


Nant Ffrancon 


600-1100 

»» 

Nant Gwynant 


200- 700 

»» 

Uanberis, and Snowdon Path 

#» 

500-1000 

f » 

Hafod y rhedrwydd 

»» 

1400 


Pont Nant y Hadron 

Merioneth 

1300-1450 

ff 

Migneint moors 

»» 

1000-1400 

»» 

Ffynnon Eidda 

„ 

1600 

»» 

Bangor 

Caernarvon 

50 

»» 

Pentre voelas 

Denbigh 

750 



All these records have been checked by the present authors. 


point that J. cmiglorneratiis is less cotnnion than J. effusus. The altitudinal lists on p. 382 
of the ‘Biological Flora’ are not necessarily inaccurate, but those taken from Floras 
which have not discriminated the compact variety of J , effusus from true J. conglorneratus 
are suspect, e.g. those of west Lancashire and Breadalbane. Our own observations in 
North Wales are certainly at variance with the quoted examples. 

In the North Wales counties J. effusus, species and variety, have an extensive distri- 
bution on the mountain slopes, poor pastures retrogressive to moorland, and in the more 
open parts of woods. In effect, the association on higher ground is dominated by the 
^variety, which forms conspicuous clumps of considerable density, and may be so abundant 
that wide areas, amounting to many acres, appear sere and brown over long periods of 
the year; here, we do not see the ‘yellowish green’ appearance mentioned in the ‘Bio- 
logical Flora’. The upland Junceta effusi compacti examined by us, between 750 and 
1600 ft., are characterized by a rich moss flora and but few phanerogams, Eurhynckiuiu 
praelongurn Hobk. is the most widely spread of the concomitants. 


Juncetum effusi compacti 


Juncus effusus var. compactus 

d. 

Sphagnum cymbifolium 

a. 

J. articulatus 

0. 

Hylocomium splendens 

a. 

Galium saxatile 

o. 

Poly trichum commune 

a. 

Agrostis alba 

0. 

S. cuspidatum 

a. 

Chrysosplenium oppositifolium 

o. 

S. acutifolium 

f. 

Eurhynchium praelongum 

v.a. 




At lower altitudes, in the upper limit of oak-birch wood on the steep mountain slopes, 
J. effusus societies comprise a richer phanerogamic flora, but the mosses remain abundant. 
The following list is typical : 

Juncetum effusi typici 


Juncus effusus d. (large plants) 

Galium saxatile f. 

Filipendula ulmaria 
Cardamine ffexuosa 
Epilobium palustre 
Holcus lanatuH 
Ajuga reptans 


Mentha aquatica 
Circaea lutetiana 
Stellaria uliginosa 

Eurhynchium praelongum v.a. 

Hypnum cupressiforme a. 

Campylopus pyriformis f. 


Some joH determinations (electrometric) are now available for North Wales; those for 
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J, effusus lie within the range given in the 'Biological Flora’. Those for the variety range 
from pH 3-67 to 6*22. We are indebted to Dr Margaret Baecker for these determinations. 

We have also been able to fill in some of the gaps in the ‘Biological Flora’ for J, effusus 
and its variety. Both species are anernophilous. Reports of occasional entomophily are 
of little value without reference to the insect visitors observed. Neither species showed 
a mycorrhizal infestation. Most capsules had shed their seeds by the end of November, 
and in both cases a high proportion of the seeds showed a circular hole bored through 
the wall by some predatory creature. In one case an acarine was discovered in a capsule 
on dissection. Where capsules had not been attacked, and the seeds had not been dis- 
seminated, the number of seeds varied between 50 and 100. In the section on ‘Per- 
formance in various habitats’ attention may be drawn to F. R. E. Wright’s paper ( 9 ), 
where it is stated (p. 200): 'Among the Rushes, J. acutus, maritmiu^ and effusus, whicli 
are all tall, with unbranched, aphyllous stems, show no alteration of form or stunting.’ 

It is apparent from the foregoing that the ecology of the two species and the variety 
still requires considerable revision. We have noticed, in addition, omissions from the 
text of the parts of the 'Biological Flora’ for J. injlexus L. and J . subnodulosus Schrank. 
In the first, Salter ( 7 ) had recorded J, injlexus for Cardiganshire in six localities, in one in 
great abundance. Hyde & Wade’s Welsh Flowering Plants ( 3 ) contains similar information. 
The statement at the head of }). 370 should therefore be deleted. Easterness should, of 
course, be vice-county (96), not (97). For J. subnodulosus a record for Renfrew, v.c. 76, 
by R. Mackechnie in 1933 can be added; the Bot. Soc. Exch. Rep. for 1933 states that it 
had been recorded in the Topographical Botany but not in the Comital Flora. 

The writers wish to express their tlianks to E. M. Cutting, Esq., for Ins kindly advice 
and criticism. 
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SOME FACTORS AFFECTING THE DISTRIBUTION OF 
THE CAPREAE GROUP OF SALIX IN GOWER 

By JOHN WILKINSON, University College, Swansea 
{With one Figure in the Text) 

Whilst engaged tipon an investigation of Salix from a cytogenetical point of view, the 
results of which are recorded elsewhere (Wilkinson, 1944), the writer had the opportunity 
of looking into the occurrence and distribution in Gower of the chief naturally occurring 
species and hybrids of this genus. The prevalence in this area of the species and, more 
particularly, the hybrids, of the subsection Capreae of Salix was found to be particularly 
striking, and it was thought worth while to attempt to elucidate some of the factors in- 
volved in the distribution of this group. The following short account summarizes the 
results which have been obtained. 

The Gower Peninsula, which extends approximately 20 miles west of Swansea, is 
geographically a plateau with an average elevation of about 250 ft., the surface being 
dominantly limestone but carrying a thin veneer of drift. Above the plateau level there 
stand ridges of Old Red Sandstone, as at Cefn Bryn and Rhossili Downs; and below it 
there are depressions, for the most part deeply eroded in or upon Millstone Grit, such as 
the valleys at Oystermouth and Oxwich. Some of the valleys are not so formed. Thus, 
the valleys leading to Caswell and Three Cliffs run along faults, and those at Bishopston 
and listen are ‘dissolved’ valleys in limestone. Whatever their mode of formation, the 
valley walls are characteristically steep, so that the low-lying valley floors are usually 
near to regions of high elevation at plateau level. This is of particular importance in 
connexion with the occurrence and distribution of certain of the Capreae species and 
hybrids. 

A brief consideration of the geological structure of Gower, particularly in relation to soil 
production, is desirable for a proper appreciation of problems of Salix distribution. The 
Old Red Sandstone formation is the oldest, and appears as bare (juartz conglomerate rock 
in the highest areas, with an inherent tendency to be slightly acid in nature. The soils 
resulting from the downward migration of ‘hill wash’ after continual weathering are of 
poor quality and support only the peaty Eriophorum-Sphagnum moorlands which are 
distinctly acid, pB. values of 3'5-4‘5 being typical. 

Next in geological sequence comes the Limestone, which, except for certain beds 
which are fairly highly magnesian or jdolomitic, is very pure on the whole, and gives rise 
to no soil at all except in lowland regions where it rests upon the Old Red Sandstone. Such 
regions (e.g. Burry Green and Pennard) are calcareous and waterlogged, the calcareous 
content being sufficient to ensure their alkalinity, so that pB values of 7-2-7-5 or more 
are encountered. Most of the Limestone of the southern part of the peninsula, being very 
porous, is well drained. 

The Millstone Grit, which is virtually the youngest rock series in Gower (the Trias is 
so scantily represented as to be negligible), is almost wholly represented by fine-grained, 
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impervious shale. This is soft, easily eroded, and forms acid soils conspicuously lacking 
calcareous material; drainage is bad, because of the impervious nature of the substratum. 
Typical situations are the depressions at Oxwich and Newton. At Oxwich, drainage is 
worsened by the damming of the valley mouth by sand-dunes. 

Apart from the effect of the solid geology, the nature of the soil of Gower also depends 
upon the widespread presence of superficial glacial drift. The whole of the peninsula was 
originally blanketed with ice, and glacial deposits occur almost everywhere. Due to the 
fact that most of the ice moved from Central Wales and mingled with drifts of Irish Sea 
origin in this area, these are for the most part very mixed, and are composed of sands, 
gravels and clays of polygenetic origin. There is an almost entire lack of calcareous con- 
stituents, and even where the drift is only a few feet deep the soil is unaffected by a 
calcareous foundation. In those situations where the glacial clay components of the 
drift, as distinct from sand and gravels, thin out upon the Limestone, the soil possesses 
an aj)preciable calcareous content, and the calcareous material is leached out relatively 
slowly. The leaching of drift composed of gravels and sands is very rapid. Some of the 
best farm lands of Gower are found in those regions where abundant glacial drift rests 
upon a pervious foundation, such as at Mayals and upon the mounds above Oxwich 
Green, Port Eynon and Rhossili. In those regions, however, where the drift is potentially 
good but rests upon an impervious foundation of Millstone Grit, as at Oxwich Marsh and 
the region north of Cefn Bryn, the land is markedly acid and of little value for 
farming. 

A record of the broad features of taxonomy and distribution of the Sdlix species and 
hybrids found in Gower has been presented by the writer (Wilkinson, 1941 h), and attention 
has also been drawn to the cytogenetics of the Capreae group as rei)resented in Gower 
(Wilkinson, 1944). The three Capreae species, namely, S. caprea L., S, auriUi L. and 
S. atrocinerea Brot., are variously distributed, the variety aquatim of the last-named 
species being particularly abundant. Other Salix species, such as S. re/pens L., S. fra L. 
and S. viminalis L., also occur naturally in Gower, but with much less frequency and 
greater localization of distribution than the Capreae species. Of the naturally occurring 
hybrids, certain of these between the Capreae species are very prominent, as will he seen 
by referring to the accompanying map. Some colonies of caprea xauriia and auritax 
atrocinerea are found, but the innumerable intergradations between Salix caprea and 
S. atrocinerea var. aquatica are particularly widely represented. It is of passing interest 
to note that Buxton (1934) similarly found a wide distribution and relative abundance 
of S. atrocinerea in the western part of the Isle of Wight, an area similar in certain 
respects, e.g. physical features and climate, to Gower. 

Of the three Capreae species in question, S. aurita is the most restricted in distribution, 
and grows in damp and relatively high (250-300 ft.), exposed situations, such as that 
expanse of Fairwood Common lying due north of the Ilston Valley. S. caprea is more 
widely distributed, and typically favours relatively dry and upland situations (150- 
200 ft.) in the upper reaches of the valleys. S. atrocinerea is very much more abundant 
than the other two, and specimens can be found in almost any low-lying damp 
situation. 

S, aurita and S, caprea hybridize, and typical segregates may be found on the southern 
fringe of Fairwood Common. The fact that these two species favour higher altitudes 
whilst S, atrocinerea occurs at lower levels does not militate against the incidence of 
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hybridity between atrocincrea and the other two species, for, as already pointed out, the 
topography of Gower is such that high and low situations tend to occur close together. 
Thus, small groups of aUritaxafrocinerea occur at Fairwood and near Waunarlwydd; 
and several thickets composed of hybrids which exhibit many taxonomic intergradations 
between S. caprea and S. atrocinerea dominate the vegetation in certain situations in the 
upper reaches of many of the valleys, particularly on the southern side of the peninsula, 
such as Mayals, Killay, Newton and Oxwich. In addition to these rather circumscribed 
colonies, individual specimens of hybrid segregates from the caprm x range, 

particularly those approacdiing the atrocinerea parent in taxonomic characters, occur 
widely in many of the hedgerows in Gower. 

As recorded elsewhere (Wilkinson, 1944), S. auritxi and S. caprea are represented in 
Gower by both the diploid and tetraploid 'cytotypes’ (to adopt the nomenclature advo- 
cated by the Council of the British Ecological Society), the basic chromosome number 
being 19. The tetraploid cytotypes are, however, by far the more frequently encountered. 
No taxonomic differences are apparent between the cytotypes of these respective species. 
All the S. atrocinerea material from Gower hitherto examined from the (^ytological point 
of view has proved to be tetraploid on the characteristic 19-base; and all the considerable 
range of intergrading hybrid types which have been subjected to cytological examination 
by the writer have similarly proved to be tetraploid, with 76 somatic chromosomes. It 
has been shown that the prominent thickets of hybrids derived from these two parents 
are composed for the most part of some types (which exhibit taxonomic characters 
approximately intermediate between those of the parents, coupled with the cytogenetical 
phenomenon known as ‘amphiplasty ’), together with a blend of types derived from the 
interbreeding of these through succeeding generations. Thus it seems clear that there are 
no irregularities of chromosomal behaviour of such a nature as would preclude the 
per{)etuation of the various possible segregates from these two parental species, provided 
that the necessary factors of environment favour’the occurrence of these segregates. 

Particular interest obviously centres around those environmental factors which may 
condition the distribution of the species and hybrids of the Capreae. In common with 
Salices generally, they are rather intolerant of shade, and in the Gower situations where 
they occur, there is little light restriction. They also re(|uire an abundant water supply; 
thus /S. aurita and S. atrocinerea are found in very wet situations, whether at high or low 
altitude, though S. caprea favours higher and drier situations in Gower. The respective 
hybrid ranges between S. aurita and the other two species flourish in wet and poorly 
drained situations; the caprea x atrocinerea thickets, however, oceur in situations which 
are, on the whole, well drained. 

Measurement of soiI/>H, which has been extensively undertaken from spring to autumn 
on the principal sites where the species and hybrids are found, has given results which 
appear to be significant. The measurements were taken in the field, using the B.D.H. 
Capillator, and the results are therefore relative and not absolute. To take the species 
first, S. aurita is restricted to high, sodden, and acid situations in which the soil has been 
derived from ‘hill wash the typical range of pH being 4-1-4-8. In the case of S. caprea^ 
which is more widely distributed but favours a variety of relatively drier situations 
approaching the plateau level, the pH value has been found to vary from 5-8 to 7*3. Typical 
situations for this species with high pH values are found in the higher cleared regions of 
the Bishopston Valley which, as already pointed out, is a ‘dissolved’ valley on limestone; 
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in similar situations from llston to Pennard; and on the higher and better drained sites 
in the vicinity of Burry Green, where the limestone rests upon the Old Red Sandstone, 
and the depressions, though waterlogged, tend to alkalinity. The third species, S, atro-, 
cinerea, is by far the most widely distributed, particularly its variety aquatica, and 
dominates the Salix flora in all the low-lying, wet situations in Gower having a value 
on the acid side of neutrality. The measured /jH range for the species has been found to 
vary from 4-5 to 6-5. It is interesting to note that, according to Pearsall (1938) S. ' cinerea^ 
(==atrocinerea Brot.) colonizes above 5-1 or 5*2, and in this author’s records does not 
occur on soils with a pU less than 4*5. In Gower, typical acid sites for this species are 
found in the vicinity of the waterlogged depression at Oxwich Marsh, where the glacial 
drift rests upon an impervious foundation of Millstone Grit and drainage is restricted by 
sand-dunes, and, similarly, in various depressions between Cefn Bryn and the north coast 
of Gower, An instance of a waterlogged but distinctly alkaline depression where S. 
atrocinerea is conspicuously absent is found south of Burry Green. 

In the case of the hybrids, caprea x aiiriia and aurita x atrocm^ are found only in 
the neighbourhood of the S. aurita localities, and thus flourish in high and acid situations 
with a pH range 4*2-5*0. A striking correlation with pH value is found, however, in the 
case of the caprea x airocmerea range of hybrids, where they occur in the aforementioned 
circumscribed sites towards the valley heads; the pH of the surface soil on such sites is 
found to fluctuate narrowly about neutrality, the observed range of pH being 6*8 7*1. 
Comparison of the map showing the location of these colonies of hybrids with the appro- 
priate ordnance maps of the Geological Survey of England and Wales (Drift: sheets 246 
and 247) reveals that, with two exceptions, the sites in question are located precisely on 
the marginal zones where the drift, here represented by Boulder Clay (in contradistinction 
to sand and gravel), thins out upon the limestone. In these situations the contribution 
of calcareous material to the soil is apparently sufficient to maintain a state of approximate 
neutrality. The two sites noted as exceptions (Mayals and Killay) are also on the edge of 
Boulder Clay, and the small amount of calcareous material necessary for the maintenance 
of neutrality is probably received from the remnants of nearby limestone dumps which 
have been continually replenished for some years for the purpose of local road- 
making. 

An interesting observation on the distribution of land snails and slugs on a small area 
adjacent to the Mayals site mentioned above has been reported by Quick (1943), and 
may have a certain bearing on the present problem. The site in question, which is only 
thirty yards square, is described as the most interesting in Gower, partly because an 
exceedingly rare exotic land nemertine (Geonemertes dendyi) lives there (Waterston & 
Quick, 1937), but also because no less than twenty-seven snail species, mostly represented 
by small numbers of specimens, occur in that small area. The average pH of the surface 
soil in this locality is approximately 7, subject to slight seasonal fluctuation. It thus 
seems obvious that, other things being equal, conditions of neutrality tend to favour the 
attempt of the various species in question to establish themselves. A similar state of 
affairs may well apply to the caprea x atrocinerea swarms found in like situations in 
Gower. 

It has already been mentioned that certain segregates from the caprea x atrocinerea 
range, tending towards the atrocinerea parent in their taxonomic characters, are widely 
distributed in Gower, usually occurring singly or in small groups in a wide variety of 
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situations. The pYi range hitherto recorded for such segregates is 4*8-6*8, and it is 
interesting to compare this with the corresponding range in Gower of 8. caprea (5-8-7-3) 
and 8. atrocinerea (4*5 6-5). 

Lastly, it may be considered appropriate at this point to consider, in relation to 
habitat, some observations on rooting characters which have been carried out on the 
Capreae species and hybrids. Whilst dealing in former studies (1941 a, 1944) with a much 
wider range of Salices, the writer observed that ditferent species vary markedly in their 
ability to develop roots from cuttings when placed under identical conditions in plain 
water. Some, e.g. 8 . viminali^^ 8. gracilistyla and 8. fragilis, developed abundant root 
papillae upon the submerged portions of the stem after about three days, followed by 
crops of roots; certain others, e.g. 8. reperis, 8. peMandra and 8. polans, developed but 
few root papillae after a relatively long period (2 3 weeks), and only very infrequently 
was this followed by the a})pearance of roots. Varying intermediate conditions between 
these extremes were noted for a great many other species. Further, regular aeration of 
the cultures had a definite effect in inducing or increasing root formation in some species 
after the root papillae had appeared (e.g. 8. pentandra), but not in others (e.g. 8. niagnifica 
and 8. medeniii). An extension of these observations on the species and hybrids of the 
(^apreae group has been carried out, using twenty vigorous young cuttings (collected at 
random duriiig early summer from different specimens) of each of the three respective 
sj)ecies, and also of three suitable segregates from each of the three respective hybrid 
ranges. For each tyi)e studied, two groups, each containing ten cuttings, were placed 
in water and kept in a shaded region of the laboratory. The environmental conditions 
were thus the same for all the specimens. Two complete sets of cultures of all the types 
to be studied having thus been obtained, one set was aerated daily and the other set left 
undisturbed except for careful maintenance of the water level. The respective numbers 
of (a) root papillae and (h) roots developing upon typical strips of submerged bark, 
10 (*m. long and 1 cm. wide were noted, and also the respective numbers of days required 
for their appearance. The comparative effects of aeration and non-aeration of the cultures 
were also noted. 

The cuttings of >S. caprea showed the greatest reluctance to root, developing some 
2 8 papillae/10 S({.cni. in (i 10 days, and only occasionally would a root enieige from a 
root papilla in the absence of aeration of tlie culture. About half the papillae developed 
roots after 15 30 days in the aerated cultures. In 8. aurita, 4-12 papillae/lO sq.cm, were 
developed in 4 8 days, and most of these produced roots within 14 days, aeration having 
little apparent effect. In 8, airoeinerea papillae were densely developed (15 25 ])apillae/ 
10 sq.cm.) within 2-5 days, and nearly all of these gave way to roots within 10 days, 
whether the cultures were aerated or not. Indeed, two or three roots emerged together 
from some of the papillae. Moreover, in this species a new set of root })apillae appeared 
after 3 weeks, duly succeeded by a fresh crop of roots. In the hybrids between 8. caprea 
and the other two respective species, the rooting characters tended to resemble those of 
the parental species which rooted the more easily; thus, for example, cuttings of a 
caprea y. airoeinerea hybrid, with taxonomic characters approximately intermediate 
between those of the parents, developed some 12-20 root papillae/lO sq.cm, in 3-5 days, 
and about two-thirds of these subsequently developed roots. A further extension of these 
observations to a much wider range of intergrades (twelve distinct types) has confirmed 
this conclusion. 


15-2 
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The inherent ability to produce roots quickly and abundantly in waterlogged and 
relatively stagnant situations doubtless explains the rapidity with which S. atrocinerea 
can establish itself in such surroundings, whether multiplication of individuals occurs 
by vegetative means (e.g. suckers) or from seeds. To a somewhat diminished extent, 
this also applies to S. aurita. The characteristic occurrence of S, caprea specimens in 
small numbers, and the practical restriction of this species to well-drained upland 
situations, may well be correlated with its relative inability to root easily. All the 
possible Capreae hybrids obviously have one parent which roots fairly easily, and since 
the factors concerned with rapid and copious root production appear to 'express themselves 
in the hybrid progeny, the hybrids, generally speaking, have a much better chance of 
survival and of rapid multiplication than is the case with 5. caprea; and in view of the 
fact that the non-endospermic seeds of Salix must germinate within a few hours of their 
liberation if they are to establish themselves, it is obvious that rooting characteristics 
in this genus have a considerable ecological importance. 

It is interesting to consider these results in the light of Pearsall's observations (1938) 
on the occurrence of S. atrocinerea in typical successions on damp woodland soils. The 
willow successions appear to progress towards a zone on the borderline between oxidizing 
and reducing soils and become dominant on soils which are waterlogged and reducing 
for most of the year. The data obtained for S, atrocinerea in Gower lend further support 
to this conclusion, which can also be broadly applied to S. aurita. As already noted, 
these two Capreae species root readily in water, whether aerated or not. S. caprea, on 
the other hand, develops roots in water only with the greatest difficulty in the absence 
of aeration, and this is obviously correlated with the marked preference of this species 
for higher and better aerated situations in which the soils would tend to be of the oxidizing 
type. Thus, two different sets of habitat factors operate in determining the distribution 
of the Capreae species. 

The detailed and extensive study in the field of the rooting habits of mature specimens 
of the Capreae presents a great deal of mechanical difficulty, partly because of the size 
of the root systems,, but chiefly because these organs form a closed community. Ex- 
amination of such specimens as have been accessible has shown that, as might be expected, 
S. cajyrea develops a relatively deep and not particularly extensive root system in the 
well-aerated sites where it flourishes, whilst S. aurita and S, atrocinerea develop compara- 
tively shallow and widely spreading root systems in their normally damp respective 
habitats. On the whole, the hybrids appear to develop more vigorous root systems than 
the parental species, and, in the case of the caprea x atrocinerea range of hybrids, 
especially where the substratum is fairly well drained, the rooting habit has a tendency 
to resemble that of the caprea parent. 


Summary 

In this paper an account is given of the distribution in Gower of the Capreae group of 
Salix, comprising the three species S, cxiprea, S, aurita and S, atrocinerea, and the 
naturally occurring hybrids between them. The effects of the physical features and the 
geology of the area, especially as these affect soil production, are discussed, and they 
are shown to be particularly important in connexion with the occurrence of the caprea x 
atrocinerea complex. The adaptational value of rooting characteristics is also noted, 
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especially in relation to the habitat factors which condition the segregation of <S. caprea 
from the other two species. 

The writer is particularly indebted to Prof. F. A. MockeridKe for advice and depart- 
mental facilities; to Dr M. Reese for advice on ecolo^dcal matters; and to Prof. T. N. 
George and Mr Alan Stuart for suggestions and guidance on the geology of the area. 


REFKRENX^ES 

Buxton, L. H. D. (1934). ./. KcoL 22, 304. 

Council of the British Ecological Society (1943). ./. Kml. 31, 93 . 
Pearsall, W. H. (1938). J. Kcol. 26, 194. 

Quick, H. E. (1943). ./. Condi. 22, 4. 

Waterston, A. R. & Quick, H. E. (1937). Proc. Roy. Sor. Edinh. 57, 379. 
Wilkinson, J. (1941 r/,). A mi. Rot., Loud., n.s. 5, 149. 

Wilkinson, J. (1941 A). Proc. Swan.^ca Sri. Fid Nat. Sor. 2, 133. 
Wilkinson, J. (1944). Ann. Rot., Loud., n.n. 8, 2G9. 



[ 222 ] 


A PRELIMINARY INVESTIGATION OF THE AVAILABILITY 
TO PLANTS OF THE WATER IN CHALK 

By G. H. locket 

( Willi four Figures in the Text) 

During tlie course of observations of the colonization of bare chalk at Harefield, Middlesex 
(Locket, 1946), it became clear that the rate at which plants could obtain water was an 
especially important factor. The problem can be approached by noting the nature of the 
root systems of the plants and also by measuring the water contents of the soil after 
subjection to known suction pressure. 

Tn the first place it was found that the water content of well-drained chalk showed 
a remarkable steadiness (Tables 1 and 2), altliougli plants growing on it may sufi'er 
from drought. 


Table 1. Water contents of specimens from a steeply sloping ridge 
of bare chalk in the Harefield pit 




Water 


Water 


Depth 

(percentage of 

Deptli 

(percentage of 

J.)ate 

ill. 

dry weight) 

in. 

dry weight) 

1934: 12 June 

n 

20-7 

7 

‘ 21*2 

19 July 

u 

22-8 

8-9 

21*3 

27 Sept. 

li 

24-8 

4 9 

24*8 

193'): IT) June 

n 

30-5 

12 

28*2 

10 Got. 

li 

24-4 

12 

27*7 

1937: 2 March 

4 

260 



25 May 

U 

25-2 

— 

— 

15 June 

4 

240 

6-8 

22-4 

20 July 

4 

230 

0 8 

230 

1938: 15 April 

4 

23*3 

8-9 

21*8 

17 May 

4 

19*2 

8 9 

22- 1 


Th]js measurement of water content alone is clearly not informative unless one knows 
how much of the water is available to plants, and in this connexion the state of subdivision 
of the chalk is important. In the ten years covered by the investigation, weathering of 
the chalk in a chemical sense cannot be a serious facdor, as the following analyses of pure 
chalk and of specimens from a depth of 1| in. at the same place on the floor at the 
Harefield pit show: 



Inaoluble in 
10% HCl in 
the cold 
o 
/o 

Precipitated by 
NH.OIl from 

HCl solution 

/o 

CaCOg 

% 

Total 

Pure chalk 

1*07 

0*2 

98*6 

99*9 

li in., 1935 

3*2 

0*3 

97*2 

100*7 

H in., 1943 

5*0 

0*6 

93*3 

99*5 


On the other hand, the physical effect of frost was very marked but difficult to measure 
since the finer particles are soon washed away into crevices. 
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The effect of pulverization on the water-holding capacity of chalk was explored as 
follows. Three samples of chalk (taken from the same l>lock) — consisting of {a) solid chalk 
(whittled down to make flat pieces 3-4 mm. thick), (b) powder passing a 1 mm. but 
retained by a 90-mesh sieve and, finally, (c) a very fine powder,* obtained by elutriating 
clialk ground under water were all subjected to varying suctions up to a pressure of 
1 atm. by placing them on filters of sintered glass or on unglazed pot, covered with a very 
thin layer of the ‘fine-silt ’ fraction of an ordinary garden loam and fixed into a funnel 
with pitch. With solid samples contact with the filter was made through powdered chalk. 

The ayiparatus was essentially that of Haines (1930) ; under 
sindion water, but not air, could pass the filters. For pressures 
al)ove 200 cm. of water, the filters were fixed in Buchner 
funnels connected to a filter pump and mercury manometer, 
and they were always covered with a tin, lined with wet 
blotting paper, to prevent loss of water by evaporation 
(Fig. 1). With chalk, equilibrium was established in a few 
hours, but all measurements were made when a constant 
suction had lieen ap})lied for 24 hr. Higher values than 1 atm. 
for tlie suction pressure were obtained for the powdered 
samples, from freezing-point measurements, using a slight 
modification of method ‘B’ of Schofield & da (Vista (1938). 

The curves (Fig. 2a) show the water content of chalk, 
previously left under water, jilotted against the ajiplied 
suction yiressure, which is measured in Schofield's logarithmic 
pF scale. (Thus pF 1 — 10 cm., pF 2 — 100 cm., pF 3 = 1000 
cm. of water and so on.) They thus show the behaviour of 
chalk being dried progressively ; a different curve- would lie 
obtained for dry chalk taking uf) water, but this is not so 
relevant. 

1’hese curves reveal the following facts. First, solid chalk loses practically no water 
up to a suction of pF 3-0 (about 1 atm.). Such water as it contains will therefore not be 
readily available below this suction pressure, which accounts in large measure for the 
steady water content of chalk over dry j)eriods. This result is amply borne out by 
measurements on samples of chalk from other regions (see Fig. 26, c undd). 

In contrast to the behaviour of the solid, the sieved powder suddenly loses more than 
half its water at a suction of about 10 cm. of water (a v^alue which presumably depends 
on particle size) and then approximates in behaviour to the solid. The elutriated powder 
has a much smaller water-holding capacity under free drainage, but loses water more 
steadily as the suction is increased. The freezing-point measurements give a wilting point 
corresponding to some 4 5% of water on the different chalks (\V4 containing 70% of 
chalk gave a value of about 10%). All water present in greater quantity must be available 
to some extent. 

Possibly of equal or of more ecological importance than the wilting coefficient is another 
quantity, less easy to define and probably varying amongst plant species, and that is the 
suction pressure against which a plant just fails to ‘flourisli’, by which I mean that it 

* The size of the particles in tliis elutriated powder ranged from 2*8 x 10“ ^ to 7*5 x min., the majority 
being about 2*8 x 10 * mm. 
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Water (% dry wt.) 

Fig. 2. The variation of water content with suction pressure during the drying of chalk from different localities. 
1, solid chalk; 11, elutriated powder; III, particles passing a 1 mm. and retained by a OO-mesh sieve; 
IV, soil from roots of Festuca (H); V, overlying ‘organic’ layer (W 3). 
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just fails to exert its full influence as a competitor, as far as its vegetative growth is 
concerned, in the comirmnity. It may not be possible to define such a point accurately, 
but the following observations show that some degree of comparison is y)ossible and that 
for a given species it should be possible to find a pF value indicating drought conditions 
in a particular soil, especially if root development is fairly uniform, as is the case here. 
In the first place soil was taken from the roots of Feslitca, which was dying back owing 
to drought, and the field water content measured. The rest of the sample was passed 
through a 2 mm. sieve and, after soaking for 24 hr., was sul>jecte(l to varying suction 
pressures. The curve is shown in Fig. 2n, from which it is seen that the field water content, 
30-7 %, corresponds to a pF of about 2*7. Water held more firmly than this will not 
readily be available in conditions of evaporation obtaining during a drought in this 
locality. In order to get some sort of check on this result a laboratory experiment was 
carried out on Lotus corniculalus, a seedling of which was grown in chalk })Owdcr in a 
cavity 1 in. diani. and 1 J in. deep in a large Iflock of chalk lying in water. Buried in this 
block was a glass tube plugged at the end with fired clay and surrounded with ])uddled 
unfired London clay, the hole l)eing filled in and covered with cement. This tul)e was 
filled wdth water and connected to a suitable mercury manometer and the water round 
the chalk allowed slowly to evaporate. As was to l)e ex})e(Jted the pressure began to rise 
rapidly as soon as the chalk started to dry out and was recorded whenever tlie ])lant 
began to wdlt. 


Date 

Rel. hum. 
(wet and 
dry bulb) 

Suc-tion pressure at 
wLieh wilting began 
cm. Hg 

pF 

1943: 0 July 

— 

45 

2*8 

17 October 

— 

39 

2-7 

1-4 December 

^0% 

45-49 

2*8 

1944: 26-29 February" 

50 

47-51 

2-8 


The values for the pF wdien the plant rec'eived a definite set-back and began to wilt 
(2*7 2*8 approx.) are thus not very different from that for Festuca obtained in the field. 
Thus it does ap|)ear tliat drought conditions will be recognizable, in a chalk soil at any 
rate, if the value for pF rises to much above 2*7 in the summer months, and the figures 
in Table 1 indicate that the slopes at Harefield are subje(‘t to drought in spite of the 
steady w'^ater content. 

During 1 938 another investigation was carried out by taking water contents of specimens 
from chalk and from an ‘organic’ layer above it. The site (W3) was on a low^ hillock, an 
outlier of the Chiltern ridge (w here sand or soil washed dow n from above could not occur) 
close to Whiteleaf, Prince’s Risborough. The ground had last been in cultivation about 
1924 and was sparsely though fairly uniformly covered by a typical chalk flora, rather 
severely cropped by rabbits. A survey of the top layers on lines suggested by Dr (Traham 
Brade-Birks revealed three main horizons: 

(1) To about 2J in. A typical brown-grey organic layer (it wmuld be possible to divide 
this layer into two wdth some difficulty, but this has not been attempted here). 

(2) 2L-4 to 6 in. A layer containing lumps of chalk up to about | in. diam. mixed 
with soil typical of (1). 

(3) C in. downwards. Chalk rock fissured into blocks about fi in. square by 2 in. The 
interstices were very fine but often contained the remains of dead roots, wdiich only very 
rarely penetrated the solid chalk. For present purposes a comparison w^as made betw^een 
(1) and (3) and the results are showm in Fig, 3. 
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Table 2. Water contents {percentage dry weight) for chalk and overlying 

organic layer (TT3) (1938) 


Depth 

Jan. 

Feb. 

Apr. 

June 

July 

Oct. 

Nov. 

Jan. (1939) 

2J in. 

37*9 

30-4 

2M 

22- 1 

20-9 

29-4 

3M 

36-2 

(2-1) 

(2'7) 

(3-4) 

(3-3) 

(3-4) 

(2-9) 

(2-(>) 

(2-2) 

7 -9 in. 

28-7 

290 

22-8 

21-8 

(3-3) 

21-2 

(3-3) 

27-9 

28-J 

28-() 

Dates of colleeting 

10th 

20th 

19th 

12th 

22nd 

(ith 

27th 

Ifith 

R1 (in.) 

3- 17 

0-41 

01 3 

0-41 

0-83 

2-61 

2-54 


K2 (in.) 

HI-. 

montlily 

0 10 — 0-30 0-23 

rainfall at I’riiipe.s’ Risborough (Air Ministry). 

0-22 

2J9 

1-93 


K2 “rainfall during the 10 days before samples were eolleeted at VV'hiteleaf. 
pF values are in braekets. 



(1) in. deop (top soil). (2) 7-lHn. deep (chalk). 

Fig. 11. Water contents of top soil and of underlying chalk (1938) (Whiteleaf, W3). 


It will be seen that during the wet season the organic layer contains substantially more 
water, but for the dry summer the values nearly coiru'ide. The results are similar in 
general to those of Anderson (1927), although she was dealing with a much thicker, more 
mature, organic layer. In the present case it is interesting that the same general effect 
should l)e produced with such a small increase in the organic and clay-sand content over 
that of chalk (see analyses, p. 227). In order, however, that these I'esults should be 
significant the wilting coefficients for the two lots of soil were obtained by freezing-point 
measurements which gave 11% for the top layer and 4% for the underlying chalk. This 
had, of course, been pulverized by the borer, but the value for the wilting coefficient is 
not likely to be much affected. Subtracting these values from the percentages of water 
actually found should give a measure of the water available to plants. Actually, the 
number so obtained is greater for chalk than for the overlying organic layer, except in 
the wettest season, and, since above pF 3 the water content-pi^ curves run nearly parallel, 
there must be more available water in the chalk. 

Further, by interpolating these water contents on pF curves obtained by subjecting 
the soils to suction in the laboratory (Fig. 2c), one may get a value for the pF during the 
time in question. The results are shown in Table 2. (Owing to the nature of the pF curve 
it is not possible to find pF values for chalk below 3*0 (1 atm.), but in June and July the 
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figures agree closely with those from the top layer and indicate that both layers on this 
well-drained site were suceptible to drought.) 


Analysis of chalk from different sites irwestigated 


Site 

Insoluble 
in cold 
10% HCl 

o/ 

/o 

Precipi tatted by 

ammonia from 

HCl solution 

W 

/o 

CaCOa Organic 

o/ o 

/o /O 

9\jtal 

H (Harefield) 

5-8 

0*6 

93-2 

990 

W2 (chalk pit at Whiteleaf) 

8-0 

0-7 

90-8 

99-5 

W 3 (chalk below organic 

1-4 

0-3 

990 

100-7 

layer, Whiteleaf) 

W3 (organic layer) 

30 

4-7 

88-2 3-4 

99-3 

W 4 (site of suction measure- 

22-2 

0-7 

701 

99-0 

merits, Whiteleaf) 

Since pF values below ) 

1 for chalk 

cannot be measured by taking water contents, an 


dependent field experiment was carried out at a nearby site (W 4) where the chalk, although 
getting near the underlying greensand and containing some 22% of insoluble matter, yet 



Fig. 4. V'ariation of suction pressure in chalk ineasun*d in the field (W'hitcleaf, W 4) in 1943 and 1944. 

Monthly rainfall is shown below. 


behaved typically under suction (see Fig. 2d). The apparatus was essentially tlie same as 
that used for the laboratory experiment and described above, a luni}) of well-puddled clay 
being found to he the most satisfactory material for allowing the passage of water without 
air. The apparatus was in a covered pit, some 2 ft. ileef), to avoid damage by frost, the 
bottom of the suction tube being IH ft. below the surface of the soil. The l)ore-hole by 
which the tube entered was 18 in. deep, the clay plug and tube being cemented in. 

The figures given for the years 1943 and 1944 are shown in Fig. 4. and it is interesting 
that the suction reaches a maximum in the October of these years of low rainfall. The 
curve showing the level of water in a tank subjected to rainfall, evaporation and ‘ drainage ' 
(represented by uniform regular withdrawals) shows a minimum at just about the same 
time (Bilham, 1938). 

It was noted very early on in the period covered by the chalk-pit observations that 
there was a tendency for the root systems of plants to exploit the upper 2 in. of weathered 
soil. This was especially striking in the case of Betula and Salix, and specimens of 
Cirsium lanceolatum and Artemisia vulgaris were found to be thriviiig with their long 
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tap roots running horizontally. Daucus carota, which sent a deep tap root into some cinder 
banks, developed a shorter more diffuse root system when growing in the top 2 in. of 
weathered chalk. The most important early colonizers (with the notable exception of 
Lotus and Melilotus) seem to depend on the existence of this weathered layer; moreover, 
they tend to be susceptible to drought, although the water content of the underlying 
chalk remains so steady. From what has been said above this is no longer surprising, 
since, for a pF above about 2-7, it seems probable that a plant cannot maintain itself 
with vigour, and little water will be available from solid chalk until the fF reaches a 
value of 3. (It is worth noting, however, that if solid chalk lies between a reservoir of 
water and a plant’s roots, there is no reason to suppose that it cannot pass water on from 
a region of high to low vapour pressure.) It is very doubtful therefore whether, on well- 
drained chalk, the steady re.serve in the solid is of value to the plants in resisting drought, 
except that it does enable them to keep alive, for the water available between pF 3 
and 4-2 (the wilting point) is considerable. During vigorous growth the roots will tend 
to find the readie.st water supply which lies in the weathered material. The deeper rooting 
plants exploit fissures in the chalk, though only one, Cirsium arvense, was found to have 
bored through the .solid rock (Whiteleaf, site W 3). These fissures usually contain powdered 
material, and, as is well known, water in chalk moves through these primarily and not 
through the solid rock. In extreme drought those plants (e.g. Lotus and some Saiix and 
Betuhi) which have extensive root systems in contact with the solid will be able to draw 
water from it at a pF greater than 3 and so keep alive. 

The following list shows the behaviour of the roots of a number of plants colonizing 
bare chalk at Harefield. 


11 . - exploits the upper weathered region (usually about 2 in. deep). 

1. — penetrates deeper, exploiting fissures in the rock for the most part. 
Jf both symbols are used, the first denotes the plant’s preference. 


Acer pseodoplatanus 

1. 

Achillea millefolium 

u. 

Agrostis stolonifera 

u. 

Arrhenatherum elatius 

u. 

Artemisia vulgaris 

u. 

Betula alba 

(on floor) 


(on slopes) 

Oirsium arvense 

1. 

C. lanceolatuni 

1. 

(’entaurea nigra 

u., 1, 

Chrysanthemum leucanthemum u., 1. 

Clematis vital ba 

1., u. 

(Vataegus oxycantha 

1. 

Crepis biennis 

u., 1. 

C. taraxacifolia 

1., u. 


Dactylis glomerata 
Daucus carota 
Kpilobium angustifolium 
Pestuca rubra/ovina 
Pragaria vesca 
Praxinus excelsior 
Hieracium pilosella 
Hypericum perforatum 
Leontod'on hispidus 
Linaria minor 
Linum catharticum 
Lotus corniculatus 
Medicago liipulina 
Melilotus officinalis 


Tends to go deeper into crevices and exploits top of solid chalk 
Tending to run some distance 

Runs under the surface with scarcely any penetration. Length 
of main roots equals height of tree (roughly) 

Movement of chalk tended to leave rcwts bare, but here they 
follow the crevices down 

Goes straight dow^n (seen to bore solid chalk at Whiteleaf) 

But may run horizontally u. 


u. But on loose chalk boulders penetrates deeply 

1., u. 

1. ' Runners explore upper region, but roots go down crevices 

u. 

u. 

u., 1. 

u. (some go deeper) 

1. (goes deep), u. 

u. 

u. 

u. 

1. (u. onlv a little — cf. Medicago lupulina) 
u.,'. 
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Orchis inaculata 

1. 


Origanum vulgare 

u. 


Plantago media 

u. 


Potentilla rcptans 

1 . 

Deep jjcnetratiun 

Quercus robiir 

1. 


Ranuneulus bulbosus 

u. 


Reseda lateola 

1. 


Ru bus fni eii eosu.s 

1. (u.) 


Rumex aeetosa 

u., 1. 


Salix caprea/einerea 


Jiike Betula 

S er o phu 1 aria nod osa 

u., 1. 


Seneeio erueifolia 

1., u. 


SonehuH oleraeeus 

u., 1. 


Taraxacum officinale 

1. 


Tussilago farfara 


Runs along, soine roots go down 

Veroniea chamaedrys 

u. 


V'icia sativa 

u. 

Gonclpsions 


1. The water in })ulverized chalk is much more readily available to plants u)) to a 
suction pressure of 1 atm. than that in the solid (which parts with very little water up to 
this pressure). Some species adapt their root systems on chalk to exploit this more 
available water. 

2. Drought conditions prevail in chalk when the suction pressure is about pF 2*7-2*8 
(500 600 cm. of water). The large amount of water availal)le between pF 3-0 (1 atm.) 
and 4*2 (the wilting ])oint) may well keep alive those plants which are able to exploit it, 
but they cannot ‘flourish’ on it, in the sense of increasing vegetatively. 

3. Direct measurement in the field 3.1 ft. below the surface revealed something 
approaching drought conditions in chalk in October 1913. 


I wish to offer my best thanks to Dr R. K. Schofield, of Rothamsted, for his unstinted 
help and guidance during the whole of this investigation, and to Miss P. C. Gardiner, 
who carried out all the field observations at Whiteleaf and su])})lied the sam])les. 
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A. Introduction and method of procedure 

It if! now over 30 years since the fen communities of the Yare Valley were first described 
by Pallis (1911), and since then little fresh ecological work on this region was attempted 
until a paper by Ellis (1934) on the Wheatfen area north of Rockland Broad gave fresh 
stimulus to further investigation. This present paper represents an attempt to throw 
further light upon the interrelationships of the reedswamp and fen communities in the 
region of Rockland and Surlingham Broads and especially to establish the part played by 
Glyceria maxima in the general facies of the vegetation. It incorporates the results of 
field observations made intermittently since 1939, culminating in a more detailed survey 

of the whole region carried out during August and September 1944.* 

/ 

• 1 am much indebted to Mr E. A. Ellis, of the Norwich Castle Museum, for his constant interest in the 
investigation from its inception and also to Ilr A. R. Clapham, then of the Oxford Department of Botany, 
upon whose suggestion the ultimate survey was undertaken. 
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The results of the survey are partly embodied in the accompanying folding map (Fig. 1 ). 
Here, only the position of G. rnaxifna itself is shown for the fen regions, although the 
extent of carr and woodland over the area is also indicated. The general distribution of 
the other dominant species is largely covered by the text description. 

The mapping of the communities was 


carried out with the aid of outline 
tracings made from 25 in. Ordnance 
Survey Maps (1928 edition). The limits 
ofthese communities were plotted mainly 
by eye and by means of rough paced 
measurements. It was found that the 
preseTice of very numerous dykes over 
the major part of the area was invaluable 
in providing a guide to the positions of 
the various communities by giving a 
framework within which the area could 
be divided up on a sectional basis. Very 
few new dykes have l)een cut since the 
last Ordnance Survey, but some of those 
shown in the 1928 map are now com- 
I)letely Itlocked and overgrown, and are 
now only distinguishable l)y a slight 
depre.ssion in the fen surface. 

■Iccompanyingthe main map (Fig. 1 ) is 
a small inset map giving a numerical key 
to the chief areas sijb.se<juently referred 
to in the text, this being thought simpler 
than a reference to the areas by their 
local names. In the case of the Wheat- 
fen area,* however, where much of the 
preliminary w'ork was carried out and 
where freijuent reference is made to 
smaller units than those covered by the 
numerical notation, a separate diagram 
is given (Fig. 2), based on the map 
l)ubli8hed by Ellis (1934). The in- 



Fig. 2. JSketoh nia]> to sliow the main watorways at Wheat - 
fen. .Baaed on the ma]) ])ublishetl l)y Ellis (1934). 


formation given in Ellis’s original map was largely used in the jilotting of 1 1 
of areas 30-32 and 36 38. 


le (M)minim 


it ies 


It was not found possible in the time available to survey the w hole of the area in the 
same detail. Areas 47 51 w^ere not visited at all, and areas 1-3 and 52 54 were only 
examined superficially. These are shown on the folding map by cross hatching. 


e name Wheatfeii is subsequently employed in referring in general to the estate, some 150 acres in 
cx en , sui rounding the major part of the chain of waterways leading from Rockland Broad, and of which the 
ome of \\ hoatfen Broad forms part. This estate is shown on the inset maj) by stippling, and it v as 

wnec V the late Mr J. D. (Cockle, whoso ready eo-oiieration and provision of facilities were mudi 
appreciated. 
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B. General description of the area surveyed 

The area under consideration is situated on a strip of fen peat of varying thickness running 
parallel with and occupying a loop of the main river. Its relationship with the peat basin 
as a whole can be traced out in the map published by Pallis (1911, p. 217). A number of 
diggings made during the course of the survey showed that the thinning out of the peat 
at the westward edge of the basin corresponded very approximately with the eastward 
boundary of pasture and cultivated land, as indicated on the folding map. At this 
boundary the peat abuts upon River Gravel throughout the greater length of the basin, 
though in the region of Rockland Broad and the southern part of WJieatfeii it is bounded 
by both clay and pebbly sand of the Norwich Crag. The underlying gravel pan in some 
places approaches the surface within the peat basin itself to form local ‘ hard-bottom 
islands’, as in parts of Wheatfen (Ellis, 1934). 

The peat has been formed by the gradual filling up of originally large open water areas, 
of which the present small expanses of Rockland and Surlingham Broads, and the still 
smaller open water areas linked with these, form the few existing remnants on the west 
side of the river. Similar areas occur across the river especially in the region of the almost 
obliterated Strumpshaw Broad, but although these provided some useful evidence in 
working out the main hypotheses put forward in this paper, they were not surveyed in 
detail and are therefore not incorporated in the map. 

It is supposed that Rockland and Surlingham Broads originally formed part of a single 
large open water expanse, and surface contours suggest that the region at which they 
first became separated lies somewhere in the vicinity of the lane leading down to the 
Coldham Hall Ferry. The open water of these Broads was apparently completely cut off 
at first from that of the main river, l)ut at some stage in their history artificial connexion 
was made between the Broads and the river by means of dykes cut through the intervening 
peat and alluvium. 

The open water of the river and interconnected Broads and dykes of the region is 
strongly tidal, with an average fluctuation of some 20-30 cm., but with a far greater 
maximum range augmented still more by exceptional meteorological conditions. It 
has been suggested* that the opening of the much wider New Bridge at Yarmouth 
in 1930, to replace the old ‘bottle-neck’ bridge, has had the effect of allowing greater 
upflow of water on the incoming tide of the Yare; this may explain the generally 
observed fact that winter flooding by master tides has recently become more frequent 
and severe. The tidal water is not normally brackish at this distance from the sea, although 
exceptional tides may cause some increase in salinity. Ellis (1934) gives a normal chloride 
content of 0-1 ^oo water of the Wheatfen region, though during exceptionally high 

tides in January 1943, a value of 1*1 was recorded for Wheatfen Broad (Ellis, 1943, 
unpublished). 

The connexion between the Broads and the tidal river results in a continual circulation 
of water throughout the whole system (thus contrasting strongly with the Broads of the 
other East Norfolk rivers, especially those of the Bure, cf. Pallis (1911, p. 225)). The 
direction in which the filling-up process of the Rockland and Surlingham basins is now 
proceeding is in line with the downflow current of the main river, as might be expected 
from mechanical considerations, and the largest open water areas are situated towards 

♦ Personal communication from Mr K. E. Cotton of East Norfolk Rivers Catchment Board. 
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the lower (seaward) ends of the two systems of residual open water. Whereas Rockland 
Broad is in communication with the main river on one side only by comparatively long 
dykes, the main open water area in the Surlingham region is connected with the river 
by much shorter dykes on two sides, so that there is a very free passage of water across it. 
Moreover, this water flow is further assured by the position of the latter Broad in relation 
to the loop of the river, since a considerable proportion of the water travelling along the 
river channel is short-circuited across the base of the loop via the Broad. 

Parts of the banks of the river itself, and of the main navigable dykes between the river 
and the Broads, are raised to varying heights by deposited dredgings. As may be seen 
from the map, these embankments frequently bear a line or band of trees, with tialix 
alba L. and S. viminalis L. prominent; the banks are however broken through at frequent 
intervals by dykes running back through the peat at right angles to the river. Differences 
in the drainage conditions over various parts of the area were found to be of prime 
importance in determining the detail of the distribution of specific plants, and will 
therefore be analysed more fully later. 

In its upper reaches above the Surlingham area, the Yare passes for a considerable part 
of its course through strata of the Upper Chalk, and hence the open water is slightly 
alkaline in reaction. A series of colorimetric j:>H determinations made at various points 
in the open water systems since 1939 have given a constant value of 7*2-7*3. Similar 
preliminary field tests on soil samples taken over the area have shown that, on the whole, 
the substrate is circum-neutral with a pH range of from 6*2 to 7*3, but with most values 
in the latter region. 

With regard to the anthro[)ogenic factors of the habitat, it could be clearly seen that 
the plant communities of the area cmdd be placed in two well-marked groups: 

(1) The communities of the primary succession from open water, developed in regions 
where peat is still being actively formed, and where human interference is at a minimum. 
Here the substrate is relatively soft and unconsolidated. These communities occupy the 
following areas: 

Surlingham Broad region : Parts of areas 1-6: west-ern outliers of area 7, beyond the 
embankment; most of area 8. 

Rockimul Broad region : Parts of areas 37, 41, 46, and to a lesser extent 52. 

(2) The secondary anthropogenic fen communities occupying mainly the intermediate 
areas between the two Broads. These areas would normally be covered by carr and 
woodland, but in most cases they have been maintained as fen by cutting and clearing. 
Such cutting has been far more frequent in the past than at present, and some areas are 
now reverting to carr. The fen peat is here older, and consequently more compacted and 
consolidated than in (1) above. 

These two types of communities, though somewhat similar floristically, are very different 
in origin, and will therefore be subjected to separate analysis in the subsequent pages. 


C. The communities of the primary succession 

(1) Comparison of the general churaeteristics of the chief areas involved 

The extent to which the two residual water systems (at the Surlingham and Rockland 
ends of the peat basin respectively) have filled up during the last century is shown in 
J. Eool. 33 16 
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Fig. 3.* The two systems differ in one important respect. In the Surlingham area the 
vegetation has been allowed to encroach on the open water more or less unchecked, apart 
from certain periodic clearing of the main channels to allow access by boat for reed-cutting 
and duck-shooting. In the Wheatfen chain of waterways, however, the open water areas 
have been maintained well beyond their natural existence by a far more intensive clearance 
of the encroaching vegetation, and in addition some new waterways have been opened 
up at the distal end of the chain. This artificial backward extension of the open water 
may be clearly seen by comparing the 1840 and 1928 maps in Fig. 3; some of the more 
recent of these new waterways are not included in the original 1928 Ordnance Survey 
Map, and these are shown in Fig. 3 by dotted lines. In addition, certain other channels, 
not shown in this figure, have more recently been opened up in the region of Avenue Pool. 
Hence, at Wheatfen, many of the intermediate stages in the primary succession have been 
lost or obliterated in parts, so that in many places carr abuts immediately upon open 
water. It w^as therefore found that an analysis of the relationships of the main com- 
munities in the Surlingham area was an essential preliminary to an understanding of the 
distril)ution of corresponding communities at Wheatfen. The simpler distribution of the 
vegetation in the former area will therefore be described first as forming a basis for the 
interpretation of that of the latter (though it is convenient in places to draw some specific 
illustrations from Wheatfen, and to make certain direct cross-comparisons where 
relevant). 

The remaining o|)en water at the Surlingham end of the peat basin now consists only 
of a narrow central tidal channel with small overgrown subsidiary arms, the former 
leading into the larger and more open eastward expanse which is all that is now generally 
included under the designation of ‘Surlingham Broad'. (To avoid sul)8equent confusion 
in the use of the name, the whole of the original expanse will in future be referred to as 
‘the old Surlingham Broad \ in contradistinction to ‘the present Surlingham Broad’ which 
refers only to the open water at the eastern end.) In addition to the artificially formed 
dykes connecting the present Surlingham Broad with the river, contact was also made in 
the past between the river and one of the subsidiary lateral arms of the old Broad. 
Moreover, the tidal dyke running to the south of areas 1, 2 and 4 has been artificially cut 
and maintained, and connexion has been made between this and certain other of the arms. 
As a result of these connexions, the majority of the remaining open water areas of the 
old Broad are, or have been, under direct tidal influence with a continual circulation of 
water. This circiilation is now limited to some extent by partial overgrowth of the main 
channels in recent years, but nevertheless there is still considerable water movement 
within the system. The maps show, however, that a few isolated pools have for some time 
i)een completely separated off from the main system, and are therefore no longer tidally 
affected. It will be seen later that these areas have no especial significance in the inter- 
})retation of the community relationships. 

The substrate of the Broads is a deep, oozy organic silt forming a layer several feet in 

* The 1840 Tithe maps which are used in this figure are regarded as far more accurate in showing the limits 
of the open water at that time than Ordnance maps of comparable date. In the case of the latter, little direct 
correspondence could be traced with the present outline of the water when the 1928 maps were superimposed 
upon them; but with a similar superimposition on the Tithe maps (reduced to the appropriate scale), the actual 
derivation of the present residual arras of open water from definite larger expanses could be clearly 
traced out. 
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thickness in some parts. Preliminary percentage loss on ignition determinations gave the 
following values for this basal ooze : 

Deep Waters, Wheatfeii — 19*36% | Both samples taken within upper 10 cm. of ooze, 

The present Surlingham Broad —16*58%/ from areas relatively sheltered from tidal scour. 

The high organic nature of the silt is largely due to the annual autumnal decay of the 
dense masses of Ceratophyllmn denier sum, L., which forms extensive mats floating just 
below the surface and chokes the Broads throughout the summer. 

The ooze is especnally soft and yielding in the larger open water areas, where the force 
of the tidal flow is expended over a greater surface and the finer particles of silt, scoured 
from the narrower channels, are deposited. In these areas, the upper layers of the ooze 
appear to be semi'Susperided in the water and are disturbed by the slightest movement. 
It is thought that the lack of mechanical stability in these surface layers may be partly 
responsible for the absence of rooted submerged aquatics from many parts of the Broads, 
though the shading effect of the summer Ceraiophyllum mat must also be very effective 
in limiting the distribution of such species. 


(2) The stages in the primary sue, cession from reedswamp to carr 
(a) The marginal reedswamp communities 

In that part of the Surlingham Broad region which was surveyed in detail, the reedswamp 
communities bordering the open water were found to be dominated almost entirely by 
Phragmites communis Trin. and Glyceria maxima. Other reedswamp species were either 
absent, or played a very subsidiary role, in those areas where active primary colonization 
of open tidal water was taking place, and which possessed the typical loose basal ooze. 
The significance of this point lies in the fact that observations made during the course of 
the primary survey suggested strongly that mechanical factors of the habitat play a 
very important role in determining the distribution of reedswamp species both at 
Surlingham and in the Wheatfen-Rockland area. 

(i) The relationship between Glyceria and Phragmites reedswamp. The colonization of 
the open water of the old Surlingham Broad has been completely unchecked by any 
cutting or clearing whatever since 1939, and in those parts where Glycx.ria maxima reed- 
swamp abutted directly upon open water it was found that the outer edge of the 
Glycerietum consisted of an entirely free-floating mat of intertwined rhizomes, roots, and 
trailing aerial shoots; farther back the interstices between the rhizomes and roots are 
filled up by water-borne silt and decaying Glyc^eria debris, so that the whole structure 
ultimately forms a comparatively solid raft possessing a considerable range of vertical 
movement in relation to tidal levels. This part of the Glycerietum is in future referred to 
as 'floating Glyceria reedswamp’. 

The adoption of this floating habit by Glyceria (which in other habitats is normally 
anchored in the substrate) is here thought to be the direct result of the interaction of 
certain mechanical factors peculiar to the Yare Broads — namely, the fairly extensive 
diurnal tidal fluctuations in the water level combined, with the great instability of the 
basal ooze. The normal rhizome system of Glyceria from other habitats with a more stable 
substrate was found to be of a superficial type, and to be mainly confined to the upper 
10 cm. of such substrates. Hence it is suggested that the constant recurrent lifting effect of 
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a twice-daily rise of some 20-30 cm, in the water level, exerted constantly throughout the whole 
year {and especially effective in the summer when the development of semi-prostrate air- 
containing aerial shoots gives the maximum buoyancy) is sufficient to prevent the anchorage 
of the roots and rhizomes in the loose, easily disturbed layers of the basal ooze. The vegetative 
morphology of Glyceria is such that it is better adapted than most other reedswamp 
species to the maintenance of this floating habit under such mechanical conditions, and 
it is hoped to consider this point more fully in a later paper. 

In contrast to Glyceria, Phragmites is able to maintain itself under the same conditions 
by an entirely different growth habit. The rhizome system of Phragmites is normally 
deeply situated ; Pallis (1915, p. 248) maintains that for Phragmites in general the branching 
is mainly in the horizontal plane in shallow water, but that in deep water it branches 
vigorously in a vertical plane from a deeply situated horizontal parent rhizome. This 
type of growth often results in the formation of reed-stools by the accumulation of silt 
round the closely adpressed bases of the vertical shoots, and such reed-stools are typical 
of the Phragmites reedswamp of this area. The deep initial anchorage and the subsequent 
accumulation of silt to form the reed-stools give Phragmites a fairly stable basis even in 
the loose ooze of the Broads, and allows the erect development of the stiff vegetative 
and flowering shoots which, being upright, offer minimum purchase to the lifting water. 

Whereas the Phragmites reedswamp thus anchored is mechanically stable except under 
abnormal conditions of scour, the floating Glyceria reedswamp is very liable to dis- 
integration by purely physical forces, so that free-floating masses, known as ‘hover’, may 
very commonly be seen drifting up and dowm the main tidal waterways. Despite the 
fact that Phragmites reedswamp occurs abundantly within the region, it has been observed 
that by far the greatest number of free-floating masses of vegetation seen in the area 
consists of Glyceria, while a detached floating portion of Phragmites reedswamp is com- 
paratively rarely seen. The relative ease of mechanical disintegration of the two types of 
reedswamp is well illustrated by the following observation. In 1939, a floating Glyceria 
reedswamp of the type described was seen to be developing side by side with an anchored 
Phragmites reedswamp in a fairly sheltered corner of Deep Waters, Wheatfen. Staking 
show^ed that the outer edge of the Glyceria reedswamp encroached on the open water by 
an average of 1-4 m. between 17 April 1940 and 6 August 1941; but when the area was 
revisited in July 1943, it w^as found that the marginal portion of the Glyceria reedswamp 
had been completely torn aw^ay (probably by the exceptional floods of January 1943) to 
a distance of from 3 to 4 m. behind the stakes, in contrast to the unaffected and still 
encroaching Phragmites, This difference w^as still more striking in view’ of the fact that the 
relative position of the two reedswamps was such that the Phragmitetum was more in 
direct line with the tidal scour than the Glycerietum and hence subject to greater 
mechanical force. 

In aTeas where open water is maintained by periodic artificial cutting back of the 
encroaching reedswamp, drifting masses of hover may be liberated also by this means. 
Generally, however, the marshmen of the region are especially careful to lift and dry out 
the reedswamp plants thus cut back, since, owing to the tidal nature of the water, un- 
attached hover masses may return time and time again to the regions from w hich they 
were originally cut. 

Patches of free-floating hover may become temporarily stationary in several successive 
places, caught by local shoals or entangled among Phragmites reedstools (cf. PI. 1 2, phot. 3), 



Salix 

purpurea 

thirket 


Embankment 


238 Distribution and status of Glyceria maxima 

before finally reaching positions where they can obtain firm lateral anchorage. Even while 
still unattached, they may increase considerably in extent, although their exposure to 
natural mechanical forces on all sides renders them still more liable to disintegration in this 
state. A floating Glyceria island of this type, originally some 8 m. in diameter, which was 
noted in October 1939, in a sheltered region of The Bays, Wheatfen, persisted and increased 
in extent until it was finally removed and disintegrated by the high flooding tides of 
January 1943 already referred to. A similar, much more extensive island was observed 
in the summer of 1943 lodged on a shoal towards the northern end of the present Surl- 
ingham Broad. This remained in position throughout the winter of 1943-4, but at some 
time during the following summer became detached from the shoal, and the whole mass 
(estimated to be at least 25 m. long by 
10 m. wide) drifted about the Broad until, 
in August 1944, it finally broke up into 
two separate portions which eventually 
became lodged in relatively sheltered 
corners. The ultimate positions of these 
two portions are shown in Fig. 4 {A, A'). 

The mechanical disruption of the outer 
edge of floating Glyceria reedswamp is so 
easily brought about that it can only 
maintain itself as a primary encroaching 
agent on open water in those parts where 
tidal scour is at a minimum. In parts 
where scour is more intense, it was almost 
invariably found that the water margin 
was characterized by an increase in the 
abundance of anchored Phragrnites reed- 
swamp, and it was eventually seen that 
the relative distribution of Phragmites 
and Glyceria reedswamp throughout the 
area could be largely resolved in terms of 
tidal scour. This was illustrated very 
strikingly by the observed distribution of 
Phragrnites and Glyceria round the margins 
of the present Surlingham Broad, which 
is illustrated in Fig. 4. (It should be noted that, although in this diagram the scouring 
action of the current is only indicated as acting in one direction, this is reversed on the 
turn of the tide ; the scour is most intense, however, when the tide is acting in the same 
direction as the general downflow current of the river, as is indicated by the arrows in 
the diagram.) 

Very good examples of this relationship between Glyceria and Phragniites reedswamp 
could also be seen along the central tidal channel of the old Surlingham Broad ; here tidal 
scour is in general acting in a direction at right-angles to the encroachment of the 
vegetation, and in that part which was surveyed in detail it was seen that there was a 
narrow and fairly even line of Phragrnites bordering the channel throughout its length, 
and sharply delimited from the stretches of almost pure floating Glyceria reedswamp 



' ■ > Direclioii of main flow of 

A, A', frec-floaling unattached Clyceria masses 

Fig. 4. Sketch map to hHow the relative positions of 
Glyceria and PhragviUes reedawamps round Surlingham 
Broad in relation to tidal scour. Baaed on a field 
sketch made from a punt in September 1944. 
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behind it. This line is indicated in the diagrams in Fig. 5. It was found moreover that 
local changes in the width of this outer band of Phragwites could in almost every case be 
correlated with suspected differences in scouring conditions, as for example a frequent 
thickening of the Phragrnites band at the corners of the subsidiary arms leading off from 
the main channel. 

This and other evidence so far accumulated suggests strongly that in the tidal system 
of waterways of the region, the Phragmites reedswamp which is present is maintained 
against the (competing Glyceria purely by mechanical factors, i.e. that the sporadic dorrmiance 
of Phragmites reedswamp has a physical rather than a physiological basis. The physiological 
conditions of the habitat appear to be such as to favour the dominance of Glyceria, so 
that when the limiting factor of excessive tidal scour is absent, the anchored Phragniites 
is replaced by the floating Glyceria as the primary encroaching agent on the open water. 
The role played by Phragmites therefore appears to be tliat of a shield protecting the 
easily disintegrated outeTedge of the Glycerieturn behind it, which, being thus protected, 
is able to encroach upon the Phragmites fringe from behind as the latter moves forward 
into open water. This relationship is shown semi-diagrammatically in Fig. 6. 

Definite evidence for this encroachment of Glyceria on Phragmites was given hy the 
two following observations: 

(1) A series of borings was made through Glyceria hover in area 5 at a distance of 
about 20 m. behind the Phragmites fringe bordering the central channel. Here only an 
occasional vegetative shoot of Phragmites could be seen penetrating the Glyceria mat, yet 
extensive remains of old Phragmites rhizomes were found in the underlying ooze 
(cf. Fig. G B). 

(2) It was observed that patches of detached Glyceria hover frequently become lodged 
in sheltered bays among Phrmjmites reedswamp; several such patches are shown for 
Surlingham Broad in Fig, 4. Two which have been under observation since 1943 have 
shown a definite lateral encroachment upon the surrounding Phragmites (although in 
neither case has the Glyceria extended forwards into the open water beyond the M)reak- 
water’ provided by the Phragmites on either side). 

The actual vegetative mechanism by which Glyceria encroacdies upon Phragmitrs is of 
interest. Although the diagrams in Fig. G give, the impression that Phragmites possesses 
the competitive advantage of greater height over Glyceria. this is an apparent rather than 
an absolute distinction. In actual fact, the vegetative shoots of the latter are almost or 
equally as long as those of Phragmites, but being less rigid and without the support given 
by deep basal anchorage, they are far more easily prostrated by wind and rain (which 
are especially effective in these exposed regions). Where these long trailing Glyceria shoots 
abut upon the stiff Phragmites ftinge, they are supported by the latter in an almost erect 
position, and the apparent height discrepancy disappears. An additional competitive 
advantage possessed by Glyceria over Phragmites is its greater tillering power in the 
horizontal plane. Moreover it produces new leaf in the spring some three or four weeks 
earlier than Phragmites, a fact which can be correlated with differences in the over- 
wintering of the two species: whereas, in Phragmites, the meristems of the first spring 
shoots are buried in the substrate throughout the winter, in Glyceria the leading shoots 
of the spring begin their development the previous autumn; these shoots remain small 
and inconspicuous throughout the winter, but their previous autumnal development 
results in their meristems being already above the substrate level when favourable growing 




I. Diagrammatic representation of successive stages in the filling up of subsidiary arms of Surlingham Broad. 
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conditions recur in the spring. As a net result of these differences, the general effect seems 
to be that the tall Phragynites fringe is ‘smothered out’ by the advancing edge of the 
dense floating Glgceria mat in such parts where physiological conditions of the habitat 
are favourable for the maximum vegetative activity of Ghjceria, 

So far, however, the competitive relationship between Glyceria and Phragynites has 
been discussed only for those areas which border open water under direct tidal injluence. 
Still further light upon the interrelationships of the two species was given by a more 
detailed analysis of the various methods by which the subsidiary arms of the Broads are 
filling up. An interpretation of the various stages encountered both in the Surlingham 
region and at the lower end of Wheatfen led to the conclusion that open water areas 
lateral to the main tidal flow could be overgrown by vegetation by three distinct methods. 
Intermediate and final stages of all these methods could be picked out in both these areas 
and in similar areas on the other side of the river, and they are reconstructed very 
diagrammatically in Fig. 5. (It should be noted that though in this figure successive 
stages are drawn parallel to each other in the three types, no exact correspondence in 
time interval between them is intended.) 

The typical original condition is shown in Fig. 5 A, with the floating marginal mat of 
Glyceria bounded by the protective Phragmitcs fringe (which is frequently absent or 
interrupt/cd in parts). The later stages in the filling up of such an area may then take 
place in any of the following ways: 

Type I. The Phragmites fringe advances into the open water followed by the floating 
Glyceria mat in the typical manner which lias already been described (Fig. 5 B). Eventu- 
ally, when the whole area has closed up, a thin line of Phragmites is left marking the 
original position of the entrance channel (Fig. 5 C). This line eventually disappears 
(Fig. 5 D) and the original position of the open water area can only be distinguished from 
the surrounding fen by the more quaking nature of the Glyceria mat in most recently 
overgrown parts. 

Type 2. In this type, floating masses of detached hover, washed into the arm by tidal 
action, become lodged and increase in extent on the inner side of the fringing Phragmites 
(Fig. 5 E). The latter is left as a gradually disappearing line between the inner and outer 
Glyceria masses (Fig. 5 F), and the ultimate result is as in Type 1. This type of closure 
is the most common of the three. 

Type 3. The open water area becomes sealed off from the main tidal system at some 
stage before it is completely overgrown; generally this takes place by the extension of 
anchored Phragynites across a progressively narrowing entrance, with the blockage aided 
by the lodging of detached Glyceria hover among the Phragmites stools (Fig. 5 G). The 
entrance of tidal water is cut down and eventually prevented altogether by the rooted 
reedswamp blocking the mouth of the arm, and the effect of this is to create physiological 
habitat conditions which exclude Glyceria altogether in favour of Phragmites. Even though 
tidal scour is now altogether absent, the latter species now forms the main encroaching 
agent, without a subsequent replacement of the Glya^ria from behind (Fig. 5 H). The 
final stage (Fig. 5 I) with originally open water now entirely overgrown with Phragmites 
is typified very well by the large land-locked area (outlined but left white) in area 5 of the 
folding map. This contrasts very well with the neighbouring Glyceria-fiWedi arms where 
the tidal connexion has persisted. Intermediate stages which aided in the interpretation 
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Fig. 6. Semi-diagram inatic bisects of Glyceria reedswamps of Surlingham Broad. A, under conditions of 
minimum scour. B, in regions where scour is appreciable. Based on field sketches made in August 1944. 
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of this area of Phragynites were seen best in certain land-locked pools in that part of the 
peat basin which lies north of the main river. 

To sum up, therefore, it appears that the relative distribution of Phragmites and 
Glyceria as reedswamp dominants within the peat basin is primarily determined by the 
following considerations : 

(1) Both species are able to maintain themselves as reedswamp dominants under the 
peculiar mechanical conditions of the tidal regions (where the lifting effect of the tidal 
rise is combined with instability of the substrate), but by entirely different growth habits. 

(2) In those areas which are under the direct influence of moving tidal water, the 
physiological habitat conditions are such as to favour the dominance of Glyceria, but in 
parts subject to direct scour, Phragmites is maintained as a protecitive fringe encroached 
upon later by Glyceria. 

(3) In land-locked areas witliin the peat basin, general hal)itat conditions are less 
favourable to Glyceria, which disappears from the marginal reedswamp region ; it is 
replaced by Phragmites which here appears to owe its dominance to physiological factors, 
the mechanical factor of tidal scour being absent. 

(ii) Other reedswamp species of the primary regions. The only other reedswamp species 
found in any abundance in those parts of the Surlingham Broad region wlierc uninterrupted 
primary colonization was taking place, was Typha latifolia L. Though absent in the 
Phragmitetum, this occurred almost invariably within the Glycerietum. It appeared far 
more able than Phragmites to persist under competition with Glyceria in the tidal regions, 
though it never attained complete dominance in any of the true primary areas apart from 
a few small local societies within the Glycerietum. It is suggested that this too can partly 
be explained upon mechanical grounds. Although it has the erect habit of Phragmites^ 
its vegetative parts are more buoyant than those of the latter, and it has a less deep-seated 
rhizome system. Therefore, like Glyceria, it is too superficially anchored to resist the 
twice-daily tidal rise when the substrate is very loose. On the other hand, it cannot adapt 
itself to these conditions as easily as Glyceria by forming a stable floating mat. Its shoots 
are insufficiently close-set, and its general habit too erect, for it to form a dense en- 
croaching raft comparable to that of Glyceria in effectiveness, and although floating 
Typha reedswamps have been recorded elsewhere (Clapham in Tansley, 1939, p. 405), in 
such cases the disintegrating mechanical factors of tidal rise and fall, and of tidal scour, 
are presumably absent. Within the Glycerietum it accjuires tlie necessary basal support 
from the Glyceria raft itself; though in those parts of the Glycerietum where Typha is 
at all prominent, the floating raft l)ecomes so treacherous that it is impossil)le to walk 
on it with any degree of safety. 

In the hinder regions of the Wheatfen area, small anchored reedswamps may be seen 
completely dominated by Typha latifolia, but it is suggested that their presence there 
may be partly correlated with a more stable substrate in those regions due to secondary 
opening up and artificial maintenance of the open w^ater in those parts. 

The other reedmace, T. angustifolia L., is practically absent from the Surlingham area, 
but is very prominent in certain parts of Rockland Broad, especially towards the southern 
end. This region has not yet been surveyed in sufficient detail for any suggestion to be 
advanced in explanation of this. 

Scirpus lacustris L., a dominant deep-water reedswamp species of the Broads of the 
Ant, plays a negligible part in the areas under consideration, one small patch only having 
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been seen (noted for the first time in August 1943, in the channel between Island Reach 
and The Bays, Wheatfen). It may be significant that this single patch occurred in an 
area where the underlying gravel approaches the surface to give a hard bottom to the 
waterway. 

Many of the smaller reedswamp species, more typical of river banks than of the margins 
of closing Broads (such as Carex riparia Curtis and Acorus calamus L.) were found 
bordering those parts of the Wheatfen waterways where a hard bank had been formed 
at the edge of the water by periodic clearing and deposition of dredgings. These were not 
thought to form in any sense constitutot phases of the primary succession, although it 
is interesting to note that in several cases Carex riparia was found established on the 
tops of Phragmites reedstools in the primary Surlingham areas, and moreover occasionally 
occurred in the floating Glycerietum, being supported by it in the same way as Typha 
hit i folia. 

(iii) Anthropogenic and biotic factors ajfectmg the reed swamps. Apart from localized 
clearing of the waterways, the effect of anthropogenic factors on the reedswamp regions 
appears to be negligible. Reed-cutting was consistently practised in both the Surlingham 
and Rockland areas until the beginning of the war, but since the reed-haulrns are not cut 
until the winter, when they have dried out, this has no direct effect upon the competitive 
power of the reedswamp Phragmites. 

A factor of more recent incidence, at present negligible, but which promises to have 
a significant effect upon the vegetation unless checked, is the establishment within the 
last few years of wild populations of coypu {Myocmtor coypus) within the district. Laurie 
(1944, unpublished notes) gives the following details: Coypu (or nutria) are large semi- 
aquatic South American rodents which were first introduced into Britain in 1929“30 and 
have since been farmed in several parts of the country. From 1933 onwards, various 
escapes have been reported from such farms, but it is only in Norfolk that they have 
succeeded in establishing themselves in any number in the wild state. They have now 
colonized a total of about 40 miles along the Yare and its tributaries, and although they 
have been practically trapped out in some of the upper reaches above Surlingham since 
they were first reported from Norfolk in 1943, there is evidence that they are fairly 
numerous in the fenland round Surlingham, Wheatfen and Rockland Broads. Many of 
their tracks were seen in the primary areas during the course of the survey. Their feeding 
habits are such that they cause considerable damage to the reedswamp vegetation, the 
shoots and rhizomes of Phragmites, Glyc^Ha and Typhi all being affected. 

(h) The primary fen communities 

Where the typical primary succession from open tidal water is uninterrupted, the 
marginal free-floating Glyceria reedswamp behind the Phragmites intergrades gradually 
with a more solid mat of vegetation in which Glyceria is still dominant, and which is 
here designated ‘hover fen’. It overlies a loose quaking substrate of peat which has been 
formed autogenically by the debris of the Glyceria raft itself. There is a naturally increasing 
compaction of the underlying peat at increasing distance from the open water (cf. Fig. 6) 
so that these hinder fen regions are built upon a more stable basis and there is less 
freedom of the mat of vegetation to rise and fall with tidal fluctuations. For convenience 
of expression, the transition from reedswamp to hover fen is arbitrarily fixed as occurring 
in that region where the substrate has become sufficiently compacted to prevent the 
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sinking of the mat below the surface of the water when walked upon. The raw peat 
formed from the plant remains is largely intermixed with silt deposited by tidal water 
still circulating to some extent below the Glyceria mat, so that the percentage loss on 
ignition for samples of the substrate is lower than might be expected, as is shown by the 
following values : 


Percentage loss on ignition for samples taken beloiv primary hotter fen 


Depth below 
surface in 
cm. 

Area (5 

Area 7 

(western outliers 
beyond embankment) 

Area 41 

0-5 

84-81 

— • 


5-10 

85-51 

78-98 

00-49 

10-15 

45-45 



15-20 

71-35 

85-70 

15 35 

55-75 

09-75 

— 



Despite the fact that considerable water movement almost certainly takes place below 
the fen mat in the proximal regions at least, it is significant that reducing conditions 
necessary for the formation of peat do exist beneath the Glycerietum. The substrate gives 
off a strong smell of hydrogen sulphide when disturbed, and immediate diphenylamine 
testsf made in the field gave uniformly negative results for samples of the substrate taken 
at various depths, except for an occasional faintly positive reaction in the upper 5 cm. 
The conclusion can therefore be drawn that Glyceria acts as a primary peat-forming pkint 
in these tidal areas, and moreover can exist as a dorninant under edviphic conditions ivhich 
are conducive to the formation of peat. This point will be referred to again later (p. 265). 

The Glycerietum is by no means rich in subsidiary species. The dense mat of prostrated 
living shoots which is typical of Glyceria in these exposed parts, even early in summer, 
forms a very effective barrier against the establishment of seeding species, and even those 
which do occur are of limited distribution and abundance. The following list is compiled 
from five different areas, each being between 2(X)0 and 5000 sq. m, in extent, of typical 
primary Glycerietum from both the Surlingham and Wheatfen-Rockland regions. The 
numbers 2-5 following the species represent the constancy of the individual species within 
the five areas examined; those recorded only from a single area are omitted. The species 
are arranged in approximate order of abundance within each constancy group, and 
those marked with an asterisk are types which are in general only characteristic of the 
hinder, more stable regions of the Glycerieta. 

Glyceria maxima (Hartm.) Holmb. 5 

Typha latifolia L. 5 

Solanum dulcamara L. 5 

PhragmiU*8 (communis Trin. 5 

*E]pilobium hirsutum L. .1 

*Urtica dioica L. 5 

Caltha paluHtris L. T) 

Rumex hydrolapathum Huds. 4 

*Phalari8 arundinacea L. 3 

Carex riparia Curtis 3 

Oicuta virosa L. 3 

t The diphenylamine test was that employed by Pearsall & Mortimer ( 1939, pp. 484 5) to give some indication 
of the presence or absence of oxidizing substances in the soil. Diphenylamine sulphate in concentrated sulphuric 
acid is added to a small sample of the soil on a white spot plate, and the development of a blue colour indicates 
that oxidizing substances are present. 


IVuccdanum palustrc Mocnch 2 

♦Galium palustre L. 2 

Polygonum amphibium t. tciTcslre Leers 2 
♦Sium crectiim Huds. 2 

♦Eupatorium caniiabinuni L. 2 

♦Calystegia sepium Hr. 2 

Typha angustifolia L. 2 

Humulus liipulus L. 2 

♦Galium aparinc L. 2 
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The primary fen Glycerietum forms a fairly broad band, but in its hinder regions it is 
encroached upon by Phragmites, which in addition to its presence in the reedswamp 
regions also forms a definite constituent phase in the fen succession; it here has a much 
more stunted appearance than in the reedswamp. The fen Phragmitetum appears to 
advance upon the Glycerietum entirely by vegetative means, so that there is a fairly 
distinct and continuous line between the two, the transition zone being relatively narrow. 
This rather significant replacement of Glyceria by Phragmites in the later stages of the 
prisere may be explained on the evidence that has already been discussed as to the 
relationships between the two species. It has already been shown that Glyceria can only 
become dominant to Phragmites in those regions of the peat basin which are served by 
moving tidal water, and that in land-locked areas their mutual relations are the reverse. 
In the hinder regions of the ])rimary fen, where the substrate is more compacted, the 
circulation of tidal water below the fen mat is greatly restricted and j)hysiological 
conditions therefore gradually change with increasing distance from the open water to 
favour the dominance of Phragmites^ which is therefore able to encroach upon the 
Glycerietum from the rear. It is not thought that the relationship between these two 
species is in any way controlled by the actual building up of the substrate and con- 
comitant changes in vertical relationship to the general water table. The tidal rise and 
fall ensures that even at this stage the substrate is waterlogged throughout the summer, 
and moreover observations from other areas show that Phragmites and Glyceria have 
approximately the same upper limit in relation to the water table. 

A direct comparison might here well be made with corresponding priseres in other 
east Norfolk Broads. The evidence from the area under consideration suggests very 
strongly that the Glycerietum of the tidal Yare valley Broads does not appear to correspond 
with the Cladietum of those of the Bure valley, by irnplication following the Phragmitetum, as 
has previously heeyi suggested^ (Tansley, 1939, p. 654), but rather to be an interpolated 
successional phase within the limits of the zone which, in areas with less water movement, 
would be occupied throughout by Phragmites. 

Some note should perhaps here be made of the position occupied by Phalaris arundi- 
nacea L. in relation to the general scheme within these tidal areas. Pallis (1911) describes 
Phalaris as co-dominant with Glycsria in these regions, but it was found during the 
course of the present survey that the former was by no means as widespread as the 
latter, and moreover that when it did attain any degree of dominance, it tended to 
occupy its own characteristic zone within the prisere, intermediate in position between 
the fen Glycerietum and the advancing fen Phragmitetum. 

The Phragmitetum carries a much more prominent subsidiary flora than the Gly- 
cerietum, both in abundance and in number of species. The following list, compiled on 
the same lines as the previous one, shows this difference: 


Phragmites communis Trin. ' 5 

Filipendula ulmaria Maxim. 5 

Calystegia sepium Br. 5 

Lysimachia vulgaris li. 5 

Angelica sylvestris L. 5 

Iris pseudacorus L. 5 

Carex paniculata L. 5 

Caltha palustris L. 5 

Epilobium hirsutum L. 4 

Phalaris arundinacea L. 4 

Mentha aquatica L. 4 

Ly thrum salicaria L. 4 


Galium palustre L. 4 

LathyruB palustris L. 4 

Carex riparia Curtis 4 

Calamagrostia canescens (Wigg.) Dr. 3 

Thalictnim flavum L. 3 

Rumex hydrolapathum Huds. 3 

Stachys palustris L. 3 

Slum erectum Huds. 3 

Urtica dioica L. 3 

Typha latifolia L. 3 

Carex acutiformis Erhr. 3 
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Eupatorium oannabinum L. 2 

Vicia cracca L. 2 

Solanum dulcamara L. 2 

Peucedanum palustre iMoench 2 

J^athyrus pratensin L. 2 


Huinulus lupulus L. 2 

Scutellaria galericulata L. 2 

Polygonum aniphibium f. terrcstre Leers 2 
V^aleriana offic^inalis L. 2 

Rumex conglomeratuH Murr. 2 


This increase in the subsidiary flora is prol)ably not only related to increasing com- 
paction and dryness of the substrate, but also to the difference in the vegetative habit 
of the dominant. In contrast to the dense mat of prostrate Glyceria shoots, Phragmites 
has a much more erect habit and bare peat can frecjuently be seen l)etween the vegetative 
shoots. The stunted habit of PJmigniiles in this region, and the relatively .small leaf 
expanse, allow a considerable penetration of light to this peat surface, and the establish- 
ment of subsidiary species with the Phragmitetum is also ])robably aided by the late 
production of new leaf by the latter in the spring (cf. p. 239). 


(r) The estahlishment of carr 

Since this survey was primarily carried out with a vie^^’ to deterjuining the relationship 
of (jlyceria within the area, the later stages of the succession have not yet been followed 
out in very much detail. Moreover, whereas the primary Glycerieta and parts of the 
Phragrniteta of the Surlingham region have generally been regarded as too unstable and 
inaccessible to be mown, certain of the regions farthest from the open water, where the 
substrate is relatively firm, have been subjected in the }>ast to some annual cutting, and 
the encroaching carr has to some extent l)een cleared. In one or two areas, however, 
where such records as were available showed that past clearing and cutting had been 
absent or negligible, stages which were thought to represent the later phases of the direct 
primary succession were encountered. 

As a general rule carr establishment only begins within the fen Phragmitetum, with 
colonization by isolated bushes of Salix atrocinerea Brot. The Glycerietum is occasionally 
invaded by this species, but the general absence of carr outliers here may possibly be as 
much due to the greater resistance offered by Glyceria to the establishment of seeding 
species as to the substrate conditions within this region. The latter is sometimes charac- 
terized by the presence of bushes of k>alix purpurea L.. which frequently occur near the 
outer edge of the Glycerietum; it is suggested that these bushes may })ossil)ly owe their 
initial establishment to the tops of the Phragruites reedstools, which are uncovered by 
the tide for the major part of the day, but direct evidence on this point is not yet 
available. 

Salix atrocinerea is however very obviously the chief j)ioneer s])ecies of carr estal)lish- 
ment, and is moreover easily the most prominent woody species over the whole area. 
Within the open sallow carr, Phragmiteti remains the dominant constituent of the ground 
flora, but subsequent closing of the carr is marked by a considerable increase there of 
Carex panicuhta L. and an intrusion of Alnus ghitinosa Gaertn. into the woody layer. 
This leads in some parts at least to a Saliceto-Alnetum with Carex panimlata very 
abundant in the field layer. 

Later stages in the succession have largely been lost by human interference, but in 
one or two areas at least a further progression could be traced to pure alder carr. The 
most convincing evidence for a direct succession of this type was afforded by area 8, 
where zoned stages corresponding to those already described could be seen. The southern 
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corner of this area is occupied by a closed alder carr with dying (7. paniculata tussocks 
and bare areas of peat between the alder bases; frequent pools of water could be seen 
between the remains of the tussocks. This type of carr corresponds with that which 
Pallia (1911) has previously distinguished as ‘ swamp-carr ’ and which she has regarded 
as genetically distinct from ‘fen-carr’, Godwin & Turner (1933, footnote, p. 243) have 
however suggested that field evidence from the Calthorpe Broad region indicates that 
alder carr of this nature may form a normal phase, following pioneer sallow, of the direct 
succession from fen, the exposure of a free water surface among the alder bases being 
concomitant with a sinking of the peat surface itself beneath the weight of the invading 
carr. This explanation would be especially feasible in the case of the Surlingham area, 
where the fen mat is developed from an originally floating reedswamp with only slow 
consolidation of the peat below it. 

The evidence for regarding the alder carr of this area as part of a true primary succession 
within the Surlingham basin is mainly as follows : 

(1) The position of the area in relation to the general direction of the closure of the 
Broad is such that it appears to have been formed by a comparatively recent encroachment 
on the open water. 

(2) A progressive consolidation of the peat beneath the surface mat can be traced 
from the Glycerietum at the edge of the open water to the carr itself. The dense vegetation 
mat in the fen regions gives a somewhat false stability in these parts, but it is underlain 
by a very soft peat, which is revealed by the breakdown of the surface mat under the 
closed canopy of the Alnetum. 

(3) The establishment of Carex paniculata in the Phragmitetum, the presence of much 
larger and more abundant tussocks throughout the Salicetum and the Saliceto- Alnetum, 
and the remains of dying tussocks in the Alnetum, provide circumstantial evidence that 
the latter is developed as a successive phase to the preceding stages. 

(4) Records so far available indicate that towards the eastern half at least human 
interference within this particular area has been at a minimum. 

Young alder carr of a different type was found at the south-west corner of the old 
Broad (area 1). Here, a fairly extensive area of fenland was dominated by J uncus 
subnodulosus Schrank with open alder carr developing within it. The vegetation of this 
area was not thought to correspond with any stage of the direct primary succession 
already outlined, but to be secondary in origin; its more detailed consideration will 
therefore be left to a later section. 


(3) Modifications of the general scheme within the Wheatfen area 

A general successional scheme from reedswamp to carr having been elaborated for the 
primary regions of Surlingham B'road, it was found possible to apply the same principles 
to an interpretation of the more difficult relationships of the main communities at 
Wheatfen. Here, as already indicated, much of the open water has been maintained 
artificially far beyond its natural existence. Towards the south end of the chain of water- 
ways many of the marginal reedswamp and fen communities are obviously primary in 
origin, with the underlying peat soft and unconsolidated; but, farther back, the northern 
pools have been maintained as hollows inset in much older peat which under natural 
circumstances bears carr. As may be seen from the folding map, uncleared carr abuts 
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immediately upon open water round most of these pools; such fen communities as are 
present are anthropogenic in origin and belong more properly to the next section. 

The majority of the Wheatfen waterways, though superficially similar to those of the 
old Surlingham Broad in the distribution and extent of residual open water, cannot 
therefore be directly compared with them as regards eirher the age or status of the 
surrounding vegetation. In contrast to the wide marginal semi-floating Glycerietum of 
the Surlingham area, at Wheatfen many of the residual pools are bounded by a hard 
‘rond’ of consolidated peat, which may in parts be raised by deposited dredgings. 
Anchored Phragmites reedswamps or floating Glyceria hover frequently become established 
along the margins of these pools, especially in the parts nearest Rockland Broad. Owing 
to frequent clearing, however, they have a very sporadic distribution, and no direct 
connexion with the vegetation of the rond behind them. In many cases this results in the 
a^nomalous situation of a floating Glyceria reedswamp abutting directly upon 
mature carr developed on deep compacted peat. 

Much of the carr at the extreme distal end of the chain, in the region of Avenue Pool, 
is of the 'swamp’ type, with Salix atrocinerea and Alnns glutinosa both abundant. It is 
suggested that this carr represents the Saliceto-Alnetum stage of a primary succession 
which was initiated by the original retreat of the open water in the direction of Rockland 
Broad, but whose later stages have been brought into juxtaposition with tidal water by 
the artificial backward extension of the waterways already noted. 

The opening up of these hinder regions has incorporated into the tidal system again 
certain small overgrown land-locked pools which were apparently left behind by the 
original retreat of the open water. These pools are not marked on the old Tithe maps 
of 1840 (Fig. 3); they probably existed but were overlooked in the dense tangle of 
vegetation. According to Mr Cockle the presence of Mystery Pool was only discovered 
as a result of marsh-burning in 1920, and it was not opened up until some years later. 
The marginal vegetation of these pools now consists largely of Phragmites with a con- 
siderable amount of 'tussock-swamp’ of species such as Carex paniculata, C. riparia, 
C. acuhformis and to a lesser extent Cladium muriscus R.Br. Although they are now 
under tidal influence, Glyceria is noticeably absent as a constituent of the reedswamp. but 
the time interval from the opening up of these pools with the main waterw^ays has not 
yet been sufficiently long for the vegetation to have become stabilized. The absence of 
Glyceria is probably partly due to the resistance offered by the twdsting waterways to the 
passage of floating hover, and partly to the considerable shading effect of the marginal 
carr. Glyceria does not propagate itself at all readily by seed, and the extent to which 
floating hover may have been removed artificially from these areas is not known. 

Taking the past history of the areas into consideration, the evidence from both Wheatfen 
and Surlingham does not conflict with the suggestion that ‘swamp-carr’ may be 
genetically derived from ‘fen-carr’ as at least one expression of the later stages of the 
direct primary succession within the area. Whether closed-canopy alder carr represents 
the ultimate or penultimate stage of the hydrarch succession within the region cannot 
yet be estimated ; moreover, it is very probable that these later stages which have been 
tentatively outlined operate in parts of the peat basin only. Ash is very prominent among 
the sallow in many parts of the Wheatfen area, and Ellis (1934) has suggested that the 
general succession leads from fen through sallow-ash carr to ultimate oak-ash woodland. 
The carr areas must be surveyed in far greater detail, and the structure and composition 

J. £oq1. 33 17 
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of their underlying peat carefully examined, before any general conclusion can be drawn: 
but the foregoing observations, though somewhat incidental to the main purpose of the 
original investigation, have been included as providing an interesting correlation with 
the methods of carr re-establishment in the secondary fen areas, which will be dealt 
with in the next section. 

D. The secondary anthropogenic fen communities 

(1) The general characieriMics of the chief areas involved 

During the course of the survey it became increasingly obvious that anthropogenic- 
factors of the habitat were of paramount importance, not only in determining the 
maintenance of fen in areas which would otherwise be occuj)ied by carr, but also in the 
minor detail of the actual distribution of the main fen dominants themselves within the 
general pattern of these secondary areas. The necessity for a detailed consideration of 
the part played by the past history of the economic utilization of fen areas in any inter- 
pretation of the present distribution of their vegetation has already been admirably 
illustrated for Wicken Fen (Godwin ei al. 1929a, 1929c, 1932, 1941). Here it was shown 
that the distribution of Cladium mariscus and Molinia caerulea as dominants could in 
many cases be directly correlated with relative intensity of past cutting of different strijis 
of the fen. The principle of deflected succession, elaborated by Godwin (1929/y) and 
worked out within the Wicken area, was found to have equal application in the Yare 
valley fenland, though diflerent species are involved. 

The major part of the secondary fen areas in the region of llockland and Surlingham 
Broads consists of ‘mowing marsh’, i.e. areas which have been cleared of carr and which 
have been maintained as fen by annual mowing by hand. In addition, a few areas of the 
older peat have in the past been better drained than others and maintained as rough 
grazing land. 

The general drainage conditions operating within the area may bo classified as follows: 

(1) The dykes intersecting the peat are entirely open to the river, allowing free el)b 
and flow of tidal water within them. This system is in future referred to for convenience 
as the ‘open-dyke’ system. It has the advantage of ensuring a general circulation of 
water throughout the areas in which this system operates, thus preventing the stagnation 
of water in hollows, but it has no permanent effect upon the lowering of the water table. 
Although the surface of the peat is slightly above the average summer high tide level, 
these areas are frequently flooded in winter. They are too wet for grazing purposes and 
consist entirely of mowing marsh, except in certain small regions towards the westward 
edge of the peat basin on which stock have occasionally been allowed. 

(2) The dykes forming a closed system within any one area, with no open connexion with 
the tidal river. These areas are embanked to prevent lateral flooding by master tides, and 
the level of the water in the dykes is, or has been, subject to some measure of control by 
sluices or pumps. Areas served by this ‘closed-dyke’ system have been used for summer 
grazing, varying in intensity in different parts of the region. Areas 63 and 64, south of 
Rockland Broad, which are drained by a turbine pump, are still regularly grazed; areas 
10-13, in the neighbourhood of Coldham Hall, were previously served by a pump, but 
this was removed in 1914 and replaced by sluices which are now in varying stages of 
disrepair; area 14 was in the past also sluiced, but the outlet from this has been completely 
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blocked for many years, so that the dykes now act purely as sumps; area 7, within the 
main bend of the river, was also pumped in the past, but the pumping system has been 
removed and not replaced by sluices, and the whole area is derelict. 

The interrelationships of the plant communities of the ‘closed-dyke' areas naturally 
offer a far more complex picture than those of the mowing marsh. Not only has the factor 
of grazing a far more modifying influence on the relative dominance of individual species 
than that of annual mowing, but in addition it can be seen that there is far less uniformity 
in general drainage conditions here than within the mowing marshes. It is shown in 
subsequent pages that areas served by the ‘open-dyke’ system could be related to a 
general plan with only minor modifications due to degree of overgrowth, number and 
relative positions of the dykes themselves: in contrast, the drainage systems of the 
previously grazed areas are in such varying stages of disrepair and dereliction that no 
common basis now exists between them. The present drainage conditions in these latter 
areas range from those in which there is still effective lowering of the water table by 
pumping (as in areas 53 54), through types in which occasional or persistent wedging 
open of the sluice gates through disrepair gives rise to conditions approximating to those 
of the ‘open-dyke’ system (as in areas 10-13), to a final stage in which there is now no 
outlet at all for the water accumulated in the dykes (as in area 14). It was felt therefore 
tliat a further consideration of the plant communities of such areas could not profitably 
be inc()r])orated into the general scheme until more evidence is at hand; the further 
discussion of the secondary fen communities will therefore be limited at present to those 
of the mowing marshes, which occupy by far the greater part of the area surveyed. 


(2) The cotnmnnilies of the mowing marsh 

(a) Detailed consideration of the drainage system of the mowing marsh 

The strip of secondary fenland between Rockland Broad and the Coldham Hall Ferry 
consists almost exclusively of mowing marsh and is served throughout by the ‘open-dyke’ 
system. There was however found to be considerable variation between the individual 
areas of this section as regards their relation to the influence of tidal water. This depended 
upon l)oth the distribution and abundance of the branches of the ‘open-dyke' system 
and upon their present state as regards blockage by overgrowth; the dykes require 
fre(|uent clearing to keep them open, and relaxation of this in many parts (especially 
since the beginning of the war) has resulted in considerable restriction, and sometimes 
complete inhibition, of water circulation within them. 

The strip of peat at present under consideration is intercepted by a number of parallel 
dykes running back at right angles to the river and joined by cross-branches. Three 
distinct types of arrangement are prevalent, which are represented in Fig. 7. Either the 
main dykes running back from the river are close together (Fig. 7 A), with only a narrow 
strip of fen peat between them, as in areas 15, 25 and 40, or else they are more widely 
spaced (Fig. 7 B, C) but with the intervening peat intercepted by additional branches 
running at right angles to the dykes of the first order. When these secondary dykes are 
numerous and close together (Fig. 7 C, areas 17 and 35) the resultant effect is very much 
as in the case with the long narrow strip; in many areas, however, the dykes are farther 
apart. (Fig. 7 B, areas 18 -19, 21, 27-29 and 43), so that relatively large blocks of peat 
are cut off. 


17-2 
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A further modification, which may apply to any of the above types, is the presence of 
an embankment of dredgings along the river itself. In a few strips only was such an 
embankment absent, with the lower end directly open to winter flooding (as in areas 35 
and 39); in the other riverward areas (areas 15, 17, 19, 21, 24, 25, 29, 34, 40 and 43) an 
embankment was constantly present, so that in these areas the flooding of the peat strips 
in the winter takes place laterally from the dykes only. The two arrangements, therefore, 
produce certain minor differences as to the regions of most extensive silt deposition by 
the flooding water. 

A similar modification on a much smaller scale is produced by the deposition of the 
originally excavated peat, and of subsequent dredgings, on the banks of the dykes 
themselves. In most cases winter flooding has largely dissipated such material over the 
intervening fen, but in one or two areas where it was found that one side of a dyke was 
slightly higher than the other, such inequalities were thought to be due to original 
positional differences of such excavated peat and dredgings; these differences naturally 


A B C 



Fig. 7. Diagram to indicate different dyke arrangements within the mowing marsh areas. 


affect the extent of tidal flooding and silt deposition on the two sides of the dyke, and 
had to be taken into consideration in any analysis of the community relationships. 

Silt deposition is naturally most extensive at the dyke edges, so that the peat there is 
intermixed with a considerable amount of inorganic material which decreases with 
increasing distance from the dykes. This is well shown by the following percentage loss 
on ignition values for areas 19 and 34. The approximate positions of the samples from 
these two areas are shown in Fig. 8. 


Percentage loss on ignition for soil samples from secondary fen areas 


Depth 
in cm. 

10 

25 


Samples taken from near dykes 


1 

67*06 

66*01 


3 

59*75 

57*70 


4 

52*33 

86*37 


Samples taken from intervening fen 

r ^ 

2 5 6 

83*75 85*81 87*38 

80*40 84*80 82*19 




The high inorganic content of the substrate near the dykes is naturally only found in 
the upper layers. The deeper layers of peat, formed long before the dyke was cut, are 
intermixed with a far smaller proportion of silt, and the percentage loss on ignition 
naturally increases at the greater depths. This is well illustrated by the following table 
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of two series of samples from another area, taken near each other at approximately 
10 m. from the edge of the main dyke: 

Percentage loss on ignition at different depths near dyke in secondary fen area 


Depth in cm. 

Series 1 

Series 2 

0-5 

630 

56*3 

5-10 

56*3 

47-2 

10-15 

74-7 

45-5 

15-20 

75-3 

53-3 

2(1-25 

78-2 

81*4 

25-30 

84*7 

84- 1 


The high value for the 25 cm. sample in set 4 of the previous table can probably be 
accounted for on these lines. 



Pig. 8. Sketch maps to show positions of soil samples in relation to the dykes. 


The greater deposition of silt near the dykes would suggest a definite increase in the 
height of the substrate in these regions, resulting in a slight concavity of the fen surface 
between the dykes. Direct measurements of this were not made, but it was observed 
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that water tended to collect towards the middle of the peat strips and to be drained 
more readily from the marginal regions abutting on the dykes. 

Diphenylamine tests (see footnote, p. 245) made in August and early September 1944 in 
general gave a strongly positive reaction for samples from the upper 10 cm. near the 
dykes, but only a faintly positive one for similar samples taken from the centre portions 
of the strips. At 25 cm. faint or negative reactions were generally recorded from both regions. 

No detailed observations have yet been made upon the extent of seasonal and diurnal 
fluctuations of the water table within the strips of secondary fen. It is obvious that the 
proximity of the water table to the fen surface is not only dependent upon variations in 
the absolute height of the latter in different parts of the fen, but also upon the relative 
distance of these parts from the tidal dykes, the size and condition of such dykes, the ease 
of lateral water movement through the substrate in various regions, and actual variations 
in the range of the tidal fluctuation itself on different days. General observations however 
indicate that although the upper layers of fen peat are wet to the touch throughout the 
whole summer, the water table is itself in general nearer the surface and less liable to 
diurnal fluctuation in the centre of the peat strips than towards their edges. This contrast 
between the maintained water table of the central portions, and its more variable 
relationship to the peat surface towards the dykes, is reflected in the results of the 
diphenylamine tests already mentioned. 

In the absence of direct detailed evidence, it is tentatively suggested from general 
observations that the same relationship of the water table to the fen surface may be 
applicable in considering the whole of the peat strip in relation to the river itself: the 
proximal riverward portions of this strip give the general appearance of l)eing slightly 
higher and better drained than the landward distal portions, in several parts of which 
there is a standing water table above the surface of the substrate throughout the entire 
summer. A gradual slope of this nature in the actual fen surface would be expected from 
a consideration of the regions of most intensive silt deposition from the river water, but 
it has yet to be confirmed by direct measurement. 

Dykes at all stages of neglect and overgrowth were found within the area, and a very 
complete series could be traced ftom those which were still open throughout their length 
to those in which the filling up process was so far advanced that their original position 
was only indicated by a slight depression in the fen surface. The series is diagrammatically 
represented in Fig. 9, and it is described in some detail as giving additional support to 
suggestions already put forward as to the interrelationships of Glyceria and Phragmites 
within the peat basin. 

Those dykes which remained sufficiently open to permit of tidal circulation within 
them were found to be invariably bordered throughout their length by Glyceria: this 
plant is the main agent in their initial overgrowth, its trailing shoots forming a floating 
hover mat over the surface of the dyke, cf. PI. 12, phot. 4. Such a mat is essentially similar 
in structure to the floating Glyceria reedswamp already described, and rises and falls with 
the tide in the same way. Since scour is more intense at the proximal end of the dyke, the 
formation of the mat and subsequent silting and peat deposition beneath it take place 
from the distal end downwards, so that this end may be completely closed while the 
riverward end is still open (Fig. 9 B). 

As water circulation in the hinder regions of the dyke is cut down, there is a gradual 
encroachment of Phragmites from this end; this advances along the original channel of 
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the dyke (Fig. 9 C- E) until it eventually occupies the whole of it with the exception of 
a small residual patch of Glyceria at the extreme riverward end, whicli appears to persist 
indefinitely (Fig. 9 F). The role of Glyceria as the main coloniser of the tidal open water, 
and its succession by Phragrnites, is therefore reproduced in miniature. 

A further correlation with the interrelationships of the two species already outlined 
is that, in addition to the encroachment of Phragmites with the cutting down of tidal 
circulation, another small band of PhragmitcH was invariably found fringing the lower 
riverward end of the dyke in the region of the most intense scour (Fig. B D). This 
band persists until the dyke becomes sufficiently overgrown for the scour to become 
negligible (Fig. 9 E, F) and it is thought that its original maintenance against ihe Glyceria 
mat developed farther up the dyke is due to purely mechanical factors of the habitat 
in exactly the same way as already indicated for the advance fringe of Phragmites in 
the more extensive primary regions. 



ABC D E F 

9. Stagtvs in the hlling vip of t he tidal dykes. 


{h) The extent of past and present cutting of the mowing marslt areas and its effect on the 
dam inanis 

In the j)ast, the majority of the fenland was very extensively cut to provide both 
winter fodder and litter, not only for local use, but in many cases for transport to other 
towns; according to local report, much of the better quality ‘marsh-hay' was in the 
last century sent to London for cab-horses. Increasing labour costs have however 
seriously restricted the harvesting of the 'marsh-hay’ crop and, although a few areas 
were still cut regularly up to 1939, such cutting has been intermittent and irregular 
within the region as a whole for many years, and in several parts carr is already re- 
establishing itself to a greater or lesser extent. 

The two main species of the unexploited primary fen regions — Glycer ia and Ph ragm ites - 
form extensive communities over the rnowdng marsh regions, but in addition Jurwu^ 
subnodulosuSj which is practically absent from the prisere, replaces the other two in many 
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parts of the fen. Of these three chief dominants of the secondary fen, Glyceria itself is 
generally reckoned to provide the most valuable hay crop. It has long been recognized 
both in this country and abroad as a nutritious fodder grass, much relished by stock 
(Curtis, 1777, etc.). As green fodder or winter hay, it is generally cut young, before the 
emergence of the panicle, while later growth can be cut again for litter. Records for both 
Britain (Curtis, 1777 ; Deakin, 1871) and for the Continent (Lecoq, 1844) show that it 
can be cut as much as thrice in one season. This resistance to intensive cutting shown 
by Glyceria may be correlated with its considerable tillering power, and is an important 
factor in determining the extent of its distribution within the mowing marsh. 

Richards & Clapham (1941) indicate that Juncus subnodulosus also is very tolerant of 
frequent cutting and that this fact gives it a definite advantage within mown areas over 
taller but less tolerant species such as Phragmites, The susceptibility to summer cutting 
shown by Phragmites may be correlated with the fact that it appears to have less tillering 
power than Jimcus and Glyceria, and that it attains its maximum vegetative development 
considerably later in the year than either of the other two species. 


(c) Estimate of the relalwe effect of drainage conditions and of cutting on the distribution 

of the dominants 

The distribution and present condition of the dykes themselves, as noted by direct 
observation during the course of the survey, was thought to afford a reasonably good 
basis for any analysis of the distribution of the dominants in relation to the influence of 
tidal water and its concomitant effect on regions of silt deposition and water movement. 
The extent of past and present cutting and its effect on the distribution of the species 
was far more difficult to assess, and although the many land-owners who were consulted 
were very ready and willing to give such details as they were able, the information 
gained was in most cases far too incomplete to be used as critical evidence. The main 
difficulties attending the compilation and use of such evidence may briefly be summarized 
as follows : 

(1) In very few cases only was it possible to trace the past economic history of any 
one area back for a sufficient length of time, the usual limit being some 10 20 years. 

(2) The treatment in each area varied greatly in most cases from year to year, according 
to different requirements of the owner; in many cases the treatment changed with change 
of ownership. 

(3) Treatment varied not only from area to area, but also within different parts of 
a single plot according to requirements and available labour. 

(4) The actual season of cutting of individual areas varied from plot to plot, and from 
year to year within the same plot> depending upon the purpose for which the crop was 
required. Hay needed for fodder would be cut relatively early in the year, while litter 
was cut at any time from July to October, according to the weather and convenience 
of the owner. In one or two areas, the reed was cut for thatching, and such cutting would 
not be carried out until the winter, when the overground parts of the plants were already 
dead and dry. Since, as has already been pointed out, there is considerable variation in 
the time of maturation of the individual species, late and early cutting would have 
different proportional effects on the species; early cutting would be expected to favour 
Glyceria and Juncus against Phragmites to a much greater degree than late cutting. 
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(5) Relaxation of cutting was in many cases concomitant with neglect and overgrowth 
of the dykes, and it was difficult to assess the relative effect of the two factors in such cases. 

Nevertheless, despite the unsatisfactory and highly circumstantial nature of such 
evidence as was available, it was found possible to formulate certain suggestions as to 
the effect of summer cutting on the vegetation, and to some extent to correlate the 
present distribution of the vegetation with this as well as with the drainage conditions. 
The resulting suggestions are summarized below, with some indication as to the main 
areas from which the evidence was taken. 

(1) Summer cutting tends to maintain Glyceria and J uncus against the taller Phraq- 
rnites, the proportion of Phragmites to the sum total of the other two being generally 
greater in those areas in which it is known that cutting has been relaxed for many 
years. The best evidence for this comes from certain similar areas lying on either side 
of a common dyke, where differences in drainage conditions are to some extent 
eliminated, e.g. 


Area no. 

Previous history 

Vegetation 

40 

Regular summer cutting until 1942 

Dominated by (ilycerla 

39 

Subjected to winter cutting at lower end for 
thatch only 

Phragmiteii dominant over major y)art, with 
only a little J unrm at western end and thin 
band of (llyceria filling up southern dyke 

23 

Cut annually for fodder and litter until 
about 10 years ago. Still cut along dyke 
sides 

yiyceria dominant to Phragmites over the 
greater part 

21 

Let for shooting and not cut for at least 

20 years (probably longer) 

Phragmites dominant over greater part. 
Glyceria confined to narrow band along 
dykes 


Moreover, it has been noticed that even within the last six years there has been a 
tendency for Phragmites to increase at the expense of J uncus in area 28, in which cutting 
has now been completely relaxed. According to local marshmen, relaxation of summer 
cutting for several years is invariably accompanied by increase of reed, and it is reported 
from several separate sources that there is now much more reed over tlie area as a whole 
than was present two or three decades ago, when the fens were far more extensively cut. 
There is moreover some evidence, too detailed and scattered to be recorded here, that 
with regular cutting Phragmites may be eliminated altogether as a dominant from the 
secondary fen. 

(2) The dominant species of the secondary fen show a very definite zonation in every 
area in relation to the influence of tidal water. Glyceria invariably occupies those stretches 
of the peat immediately abutting upon the tidal dykes, and the zone of Glyceria tends to 
increase in width towards the riverward end of the peat strips. Juncus^ on the other 
hand, is confined to the centre of the peat strips where the fen surface is thought to be 
slightly lower and less well-drained and where silting and water movement are at a 
minimum; it becomes most abundant at the landward side of the peat basin where there 
is considerable standing water and where tidal influence is least effective. When present, 
Phragmites occupies an intermediate position between the other two, the width of the 
Phragmites zone in relation to the others being determined by the intensity of cutting 
as already indicated. This zonal distribution of the three species in relation to tidal 
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influence is so uniform and consistent over the whole region that it is unnecessary to 
quote definite areas; it may be summarized in the following diagram: 



Though the balance existing between the three species is thought to be to some extent 
determined by cutting intensity, nevertheless the ultimate extent of the encroachment 
of Phragniites into the Olycerietum and Juncetum appears to be limited by edaphic^ 
conditions. Even in areas whicli hate not been cut for some 20- *M) years the open dykes 
still retain a narrow band of Glyceria along their margins, and it is probable that Juncus 
may maintain itself to some extent against Phragmites in the same absence of cutting. 
The evidence so far available tends to show that although certain of the more riverward 
Junceta may be eliminated directly by Phragmites, such encroachment is so slow in the 
hinder regions of the fen strips that the Junceta of these parts may revert directly to 
carr without an intermediate re-establishment of Phragmites. 

Bush colonization appears to take place more easily within the Juncetum than within 
the Phragrnitetum, but to be inhibited within the Glycerietum (this point will be referred 
to later on p. 262). The main woody colonizer is again tialix atrocinerea over the major 
part of the fen, but in the hinder J unceta the Salix bushes may be accompanied or replaced 
by Alnus glutinosa. 

The general course of events which is thought to take place m a typical fen strip on 
relaxation of cutting or overgrowth of dykes is shown in Fig. 10. This figure is based on 
the sum total of the evidence so far available from the individual strips between Coldham 
Hall and Rockland Broad, and is incorporated as representing diagrammatically the 
range of observed relationships of the three chief dominants of the secondary fen areas 
to each other and to recolonizing woody species. 

The presence of Juncus suhiodulosus as a dominant in the secondary fen areas, while 
it is practically absent from the primary succession, may be explained if it is regarded 
as a phase of a deflected succession produced by past economic utilization of the fen. 
It is not known however whether a Juncetum becomes established in the least well- 
drained parts as a result of bush clearance alone, or whether intensive summer cutting 
must accompany such clearance before Juncus can become dominant to the taller 
Phragmites. It seems possible that in certain parts edaphic factors may definitely 
prove limiting in favour of Juncus, as in the low-lying parts cleared of ‘ swamp-carr ’ ; 
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in such cases, it would be expected that the limits of the Juncetum established would 
be more extensive when regular mowing follows such carr clearan(;e. 

The presence of a large area dominated by J uncus at the south-west corner of the old 
Surlingham Broad (see p. 248) may in the same way be interpreted as representing a phase 


scparalinjr patiture from fen 




Glyceria 


Phragmites 


J uncus 

OO 1 

Salix 

TT 

4 

.4 Inns 

■'V-.vV- 

maxima 

communis 


subnodulostis 

atrocinerea 


gliitinosa 


Fig. 10. Diagram Hhowitig successive stages in the reversion of cut fen to carr, (hie to relaxation of cutting 
and overgrowth of dykes. In the fen strips which are separated from the river by an embankment, as in 
this diagram, a narrow strip of Phragmites was seen to be consistently present immediately behind the 
embankment. In the other strips, Glyceria extended completely to the river bank. 

in a deflected succession initiated by past clearing and cutting. The folding map shows 
that this part is not intersected by drainage dykes, so that there is a relatively large 
block of peat removed from tidal influence. Cutting has been relaxed for many years, 
and within the Jiuucetum re-establishment of young carr mainly alder is rapidly 
taking place. Several patches of mature alder ‘swamp-carr' also occur in this area. The 
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fen zonation from the residual open water of the Broad to this western end is, 
therefore : 

(1) Primary Glyceria hot)er fen: too wet and with substrate too unstable for cutting 
to take place. 

(2) Primmy Phragmites /cn ; in which a little cutting has taken place, but which is 
becoming colonized by Salix atrocinerea, 

(3) Secondary Juncus subnodulosus fen: extensively cut in the past, but now becoming 
rapidly overgrown with alder bushes, intermixed with some Salix in the part nearest 
the Broad. 

The limitation of the Juncetum to the south-west corner rather than to the whole of 
the western end is the result of the superposition of a second zonation on the first, acting 
at right angles to it, and developed in relation to the river itself. Glyceria is dominant 
in a strip along the river bank, Phragmites occurs farther back, and Juncus occupies that 
part farthest from the river. 

In considering the main communities of the secondary fen, some mention should 
perhaps be made of the position of Carex acutiformis Erhr. This species is never prominent 
in the primary regions, but in the secondary fen it forms fairly extensive societies, though 
it is not as consistently present as Juncus, Glyceria and Plwagmiies. It is most abundant 
in the more intensively cut areas, and occupies an intermediate position between Juncus 
and Glyceria in relation to the tidal dykes; in the latter respect it is comparable to 
Phragmites, and it is noteworthy that it seems to persist as a subsidiary species within the 
secondary Phragmitetum to a much greater extent than either of the other two. 

Cladiuni mariscus R.Br., which is so abundant in other east Norfolk fens and at 
Wicken Fen, was here found to dominate only one or two small regions, being especially 
prominent at the south-west corner of area 28, where it is associated with Myrica gale L. 
The dykes serving this area are completely overgrown, and the fen here has not been cut 
for many years. It is reported by Mr Ellis that this Cladietum has increased markedly 
in extent at the expense of the surrounding Juncetum during the last 12 years. 

{(1) The subsidiary species associated with the chief dominants of the secondary fen 

Since the main purpose of the original survey was to plot the distribution of the 
dominants of the chief (iommunities, it was only possible in the time available to make 
approximate lists of the subsidiary species associated with them. These lists do not 
pretend to be complete, but they serve to indicate at least the more constant and pro- 
minent of the associates in each case, and an analysis of them is here appended for that 
purpose. The lists represent the accumulated evidence from five typical societies of each 
of the main dominants; transitional zones between one community and another are 
excluded, and the lists do not include those species which were recorded from one area 
only. The constancy numbers 2-5 are employed in the same way as on p. 245. 

The constituent species of the three main communities of the secondary fen 
{recolonizing woody species of carr omitted) 


Glyceria maxima (Hartin.) Holmb, 

Glycerietum 

5 

Phragmitetum Juncetum 

Galium aparine L. 

2 


Epilobium hirsutum L. 

5 

3 ! 

Urtica dioica L. 

5 

2 

Rumex hydrolapatlium Huds. 

4 

3 

Stachys palustris L. 

3 

3 
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Solanum dulcamara L. 

Glycerietum 

3 

Phragmitetum 

2 

Juncetum 

Calystegia sepium Br. 

2 

3 


Scutellaria galericulata L. 

2 

2 


Phalaris arundinacea L. 


2 

2 

CJaltha palustris L. 

4 

4 

5 

Angelica sylvestris L. 

4 

4 

5 

Phragmites communis Trin. 

4 

5 

2 

Ly thrum salicaria L. 

4 

3 

4 

Eupatoriurn cannabinum L. 

4 

3 

4 

Carex riparia ( ’urtis 

4 

3 

2 

Equisetum palustre L. 

4 

2 

2 

Pcucedanum palustre Moench 

4 

2 

9 

Iris pseudacorus L. 

3 

3 

9 

Galium palustre L. 

3 

4 

9 

(varex paniculata L. 

3 

4 

4 

Thalictrum flavum L. 

3 

3 

5 

Valeriana officinalis L. 

3 

3 

4 

Carex acutiformis Ehrh. 

3 

3 

3 

Mycjsotis palustris Hill 

3 

2 

2 

Eysimachia vulgaris L. 

2 

5 

2 

Mentha aquatica }j. 

2 

4 

4 

Vicia cracca L. 

2 

3 

4 

Polygonum amphibiurn f. tcrrestre Leers 

2 

2 

4 

Equisetum lirnosum L. 

2 

2 

2 

Rumex conglomeratus Murr, 

9 

2 

4 

Sium erectum Huds. 


3 

2 

Carex appropinquata Sebum. 


2 

4 

Galium uliginosum L. 


2 

4 

Carex hudsonii Ar. Fienn. 


2 

3 

Ranunculus accr L. 


2 

9 

R. repens L. 


2 

4 

Lychnis flos-cuculi L. 


2 

4 

Epilobium parviflorum Schreb. 


2 

1 

(^irsium palustre (L.) Scop. 


2 

3 

Agrostis stolonifera L. 


2 

2 

Dryopteris thelypteris (L.) A. Gray 


2 

2 

Caiamagrostis canescens (\V^igg.) Dr. 


2 

2 

I^thyrus palustris L. 


2 

2 

L. pratensis L. 


2 

2 

Lyaimachia nummularia L. 


9 

2 

Epilobium palustre 1^. 


2 

2 

J uncus siibnoduloHus Schrank 



9 

Lotus uliginosus Schkurh. 



9 

Festuca elatior L. 



4 

Scabiosa sin^cisa L. 



3 

Holcus lanatus L. 



3 

N'aleriana dioica L. 



3 

Molinia caerulea (L.) Moench 



3 

Plantago lanceolata L. 



2 

lianunculus Hammula I^. 



9 

Hypericum qiiadrangulum L. 



9 

Hydrocotyle vulgaris L. 



9 

Potentilla erecta (L.) Hampe. 



2 

P. anserina L. 


. 

9 

Comanim palustre L. 



9 

Oenanthe lachenalii C. Gmel. 



2 

Centaurea nigra L. 



9 

Pulicaria dysenterica (L.) Bernh. 



2 

Parnassia palustris L. 



9 

Menyanthes trifoliata L. 




Rhinanthus crista-galli L. 



2 

Carex panicea L. 



2 

Briza media L. 



2 


Although these lists are necessarily preliminary, nevertheless they serve very well to 
indicate certain salient points, the most obvious of which is the actual numerical difference 
in the number of subsidiary species associated with each of the three dominants. The 
Juncetum carries a far more varied subsidiary flora than the Phragmitetuin, and the 
number of species occurring within the Glycerietum is still more restricted. The relative 
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abundance of the individual species themselves is not indicated in the lists, but a com- 
parable series was observed in this respect also, the associated species playing a far more 
prominent role in delation to the dominant within the Juncetum than within either of 
the other two communities. 

It is very probable that the increase in the number and frequencies of the subsidiary 
species from the Glycerietum to the Juncetum can be more directly related to differences 
in the growth habit of the dominant than to changes in edaphic and other conditions 
of the habitat. It has already been shown for the primary fen Glycerietum that early 
mechanical prostration of the long straggling shoots produces a dense surface mat. The 
greater stability of the compacted peat of the secondary Glyceric ta results in a slightly 
later prostration of the new spring shoots than in the primary regions, but the fen is so 
exposed and wind-swept that even here the shoots are beaten down relatively early in the 
year, and overlie the disintegrating mattress of the dead shoots of the previous year’s 
growth. In areas which were previously mown regularly, the accumulation of litter at 
the end of the year was cleared annually by winter or early spring burning in order to 
facilitate subsequent cutting, and the greater number of species recorded from the 
secondary Glycerieta than from corresponding primary Ghjceria-domms.ted fen may 
probably be as much related to the effect of past burning as to cutting, since in many 
parts such burning was carried out spasmodically even when the fen was not subse- 
quently cut. 

Within the Phragrnitetum, the hal)it of the dominant plant is much more erect, the 
shoots are less close-set than those of Glyceria^ and the bare peat can frequently be seen 
between the shoots on looking down from above even in the complete absence of either 
burning or cutting. Moreover, even the old dead shoots remain partially or entirely 
erect at the end of the year; they are brittle, and on decay tend to break up into short 
lengths, so that they never form the entangled prostrate mass characteristic of Glyceria 
litter. The leaves of Phraymites are smaller and less numerous than those of Glyceria, 
and are produced later in the spring, so that there is some opportunity for seeding species 
to establish themselves before the leaf cover is developed. As the net result of these 
differences, the Phragmitetum carries a richer subsidiary flora including even the small 
prostrate Lysimachia mimnmlaria, which occasionally occurs in considerable abundance 
in even dense Phragmiteta. 

Jiincus siihnod^ilosiis has a much lower growth habit than either of the other two 
dominants, and the erect monophyllous shoots give minimum shading, so that this 
community is marked by a subsidiary flora which includes many relatively low-growing 
herbs. The lists show that whereas the Juncetum carries a great many species which are 
absent from typical Phragmiteta and Glycerieta, there are relatively few species which 
occur within the two latter but which are absent from Junceta. 

The same general difference between the three communities is reflected in a considera- 
tion of carr re-establishment. In areas which are known to have been left uncut for many 
years, as in areas 18-21, the greatest number of young bushes were found within the 
Junce^ (with Alnus glutinosa prominent, admixed with Salix atrocinerea and a little 
Viburnum opulus)\ the Phragmiteta carried somewhat fewer bushes (mainly Salix 
atrocinerea), while within the Glycerieta, very few signs of bush colonization could be 
found. It may be seen from the folding map that throughout the area as a whole very 
few bushes occur within any of the Glycerieta, and it is suggested that invasion of the 
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secondary Glycerieta by Phragrnites, encroaching vegetatively, is a necessary prelude to 
the re-establishment of carr on such areas. 

A direct comparison might well be made with a similar succession preceding bush 
colonization already noted for the primary regions (see p. 247). In making such com- 
parison, it must be remembered that in the primary regions differences in water level and 
peat consolidation must be taken into account as possil)Iy directly affecting bush growth; 
in the secondary fen communities situated on compacted peat, however, these differences 
do not exist between the (illycerieta and Phragmiteta, and the degree to which carr 
colonization takes place within them can be related with more assurance to difTerences in 
the growth habit of the dominants affecting seedling establishment of the invading bushes. 


Ai)art from the references to the position of C(irex r/cwVy/or/A/y’.s' and to Ctadium rriariscus, 
little has yet been said of other of the more abundant fen species which may in parts 
become sufficiently prominent to form small societies within the limits of the main 
communities. 

Within the Glycerietum, the most abundant subsidiary species is Phalaris arundinacea, 
but though this forms small scattered societies, it rarely holds a dominant or co-dominant 
|)osition over any extensive area. Urlica dioica, which is generally distributed throughout 
the (ilyc^erieta, sometimes forms dense l)eds in those parts which are slightly raised above 
the general level of the fen, as on the ridges marking the originally excavated peat and 
subse(|uent dredgings of some of the dykes (see p. 252). A similar position is occupied 
l)y EpiloJnum hirmtiini, but in contrast to IJrtica, this latter species also l)e(‘omes aV)UMdant 
in parts within the Phragmiteta. Typha lati folia, the most al)undant and constantly 
present associate of the f)rimary Glycerieta, is absent altogether from the secondary areas. 

The most consi)icuous associate of Phragmiles is Lysinmehia vidgaris, l)ut although 
scattered al)undantly within the Phragmiteta, it rarely attains a position of dominance 
in any one |)art. Molinia cacrulea and Filipendtda uhnaria become ])rominent in the 
duncetum, with Festuca (datior and Meniha a(pialica also abundant in parts. 

(5) The relationships of the moiring marsh eonnnunities with those of the prisere 

A scheme which embodies the tentative conclusions so far reached as to the successional 
relationships of the main plant communities within the Surlinghani-Rockland peat basin 
is given in Fig. 11; the main points embodied here have already been dealt with in 
))receding ])ages, and no further elaboration is needed at this stage. This scheme is at 
present in outline only, and it is probable that with further investigation, many of the 
subsidiary species will be found to have a more important and characteristic role in the 
fen succession than is at present assigned to them. Apart from the three main fen dominants, 
Phalxiris arundimicea and Carex acutiformds have also been interpolated in the general 
plan, but these species are enclosed in rectangles to indicate that they are less generally 
represented than the other species, being often absent altogether from their characteristic 
positions. 

The chief subsidiary species of the main communities are only given when these are 
regarded as forming small but especially well-marked subsidiary societies within the 
general limits of the main dominants themselves. They are incorporated in square 
brackets beneath the name of the dominant of the main community. 
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PRIMARY SUCCESSION 



Phragmites 

communis 


I Tidal fecour prefe<*nl| 

Phragmites Glyceria 


communis 


Anchored reeds wa nip 


maxima 

Floating reedswanip 


KEY 

Species enclosed in square brackets | | are 

those wliich often form prominent subsidiary 
societies within the limits of one of the 
main communities. 


Species enclosed in rectangles are those 
which doniinale a distinct phase of the 
succession in parts, but arc not as con* 
sistciitly present as the other dominants. 



SECONDARY FEN 


Increasing distance from tidal influence 


Glyceria 
maxima 
“Hover fen' 
[Typha laliJolUi] 


Glyceria 
maxima 

IPhalaris urundinacca 
Vrtica 


Carex 
aculiformis 


riiesc stages possibly appli- 
cable to ccrlaiii parts of the 
peat \mi\i. Their rclalion* 
ship to the general bucecs- 
bional scheme is not yet fully 
established. 


Phalaris 

arundinacea 


Phragmites 
communis ■* 

1 

Salix 

alrocinerea < — 

Ojieii earr 

[Phragmites prominent in 
grount^ flora] 

I 

>|r 

/Salix atrocinerea and 
Alnus glulinosa [co-dom. 

[Increase of Carex paniculaia in 
ground, flora] 

I 

Alnus 

glutinosa < 

Closed car/ 

[Sparse ground flora with dying 
^ tussocks of Carex paniculaia] 



Juncus 

subnodulosus 

[Molinia caerulea, 
Filipvndula ulmaria] 


Cutting relaxed- 
alternative methods of 
reverting to carr 


Corex panirulata less prominent than in 


pnmary succession 


Fig. 11. The interrelationships of the chief dominants of the primary and secondary 
areas (excluding grazed areas). 






J. M. Lambert 


265 


E. Discussion 

From the preceding pages, it is clear that the whole area is at present in a condition of 
vegetational instability, some parts still being at a stage of primary development, while 
others are entering upon a phase of secondary readjustment following comparatively 
recent changes in anthropogenic factors of the habitat. Within the latter category may 
be included both the increasing relaxation of annual cutting over the whole area, and 
changes in drainage conditions due to overgrowth and neglect of the dykes. The general 
tendency seems to be towards an initial replacement of much of the Glyceria by Phragrnites 
preliminary to the re-establishment of carr. 

The dependence of Glyceria upon the proximity of moving tidal water for its main- 
tenance within the peat basin has been amply illustrated, but so far no suggestion has 
been put forward as to the physiological basis for such dependence. Comparatively little 
is yet known as to the general requirements of this species, and in the absence of more 
specific data, the following translation from Klapp (1937)* might be taken as representative 
of the main generalizations which the literature so far consulted has provided. Klapp 
(pp. 152-3) states that: ‘This grass prefers localities that are regularly flooded, with a 
sinking of the water table below the surface in the summer; it also likes canals with slowly 
flowing, good, not acid water, and finally wet banks. . . . A prerequisite is an abundance of 
nutrients in the flood water, and adequate air movement. Acid high moor waters are 
avoided.’ 

In a consideration of Klapp’s suggestion that the two main factors favouring Glyceria 
are adequate air movement and mineral supply, some attempt is made to estimate the 
relative de{)endence of Glyceria upon these two factors within the area under consideration. 
As regards aeration of the substrate, it is true that within the secondary fen areas, 
Glyceria is confined to those parts bordering the dykes which are better drained and where 
there is probably some diurnal rise and fall of the water table with the ebb and flow of 
the tide. That oxidizing conditions exist here in the upper layers for at least part of the 
summer has already been shown by the positive reaction obtained from diphenylamine 
tests (see p. 254). In contrast to this, however, it may be noted that within the primary 
areas, the substrata of the Glycerieta show strongly reducing properties, indicated by the 
strong smell of hydrogen sulphide given oflF when the underlying peat is disturbed and 
by the negative reaction of such diphenylamine tests as were made. The fact that in these 
regions Glyceria itself is the primary peat-forming plant also indicates that here it is 
existing under reducing conditions such as favour peat formation. 

It seems more probable that the dependence of Glyceria upon the tidal movement of 
the water is more specifically related to silting and to the renewal of mineral salt supply. 
In its general distribution, Glyceria is far more typical of wet alluvial areas with rich 
inorganic substrates than of peat regions, i.e. it is a ‘marsh’ rather than a ‘fen plant. 
Whereas in the former regions the supply of mineral salts is obtained from the substrate 
itself, the substrate of peat regions is deficient in nutrients except in as far as they are 
supplied by the flooding water. Moreover, as has been pointed out by Steffen (1931, p. 115), 
such mineral salts as are absorbed by peat-forming plants remain locked up in the plant 

* This tranHlatioii was made by the Imperial Bureau of Pastures and Forage Crops, Aberystwyth, to whom 
I am much indebted for considerable help with abstracts and translations of Continental references. 
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remains; they are thus made unavailable to succeeding generations, necessitating a 
constant new supply from external sources. 

It is suggested therefore, as a working hypothesis, that the physiological importance 
of the considerable tidal movement in maintaining Glyceria as a dominant plant of the 
Yare valley fens (in contrast to its absence from the main fen regions of the other east 
Norfolk river valleys, where there is less water movement) may prove with further 
investigation to operate mainly in relation to increased mineral supply. A very significant 
point in this connexion lies in the fact that, within the Surlingham-Rockland regions 
surveyed, the restriction of Glyceria to areas supplied by moving tidal water was observed 
to be applicable only to the peat basin itself; in the surrounding inorganic regions the 
dykes, ponds, and low-lying water-logged areas were frequently dominated by Glyceria even 
though such dykes had no connexion at all with the tidal system and there was no apparent 
water movement within them, 

F. Summary of conclusions regarding the distribution, status and 

RELATIONSHIPS OF GlYCERIA MAXIMA WITHIN THE AREA 

1. Glyceria forms an integral part of the primary succession from all sheltered open 
water areas which are under the influence of moving tidal water. 

2. It exists in such areas under conditions which are conducive to the formation of fen 
peat, and is itself the main peat-forming plant in the early stages of the succession. 

3. The primary Glycerietum consists of a floating reedswamp which merges gradually 
into a semi-floating fen with increased peat deposition beneath the mat. The entirely 
free-floating habit of the Glyceria reedswamp is thought to be the direct result of a certain 
combination of mechanical factors of the habitat related to the specific growth habit of 
the plant itself. 

4. In regions where tidal scour is appreciable, the outer edge of the floating Glycerietum 
is replaced by a narrow fringe of anchored Phragmites reedswamp. This is thought to be 
maintained against Glyceria in this position by purely mechanical factors of the habitat. 

5. Glyceria is followed in the primary succession by Phragmites encroaching from 
behind by vegetative means. This fen Phragmitetum has no organic connexion with the 
Phragmites reedswamp fringe, and in this case it owes its replacement of Glyceria to 
physiological rather than to mechanical factors. 

6. Glyceria is absent from land-locked pools within the peat basin, being replaced 
entirely by Phragmites in such parts. 

7. The Glycerietum of the primary tidal regions is regarded as an interpolated phase 
in the succession, occupying part of a zone which in areas with no tidal movement would 
be dominated throughout by Phragmites, 

8. In addition to its position in the primary regions, Glyceria also forms a prominent 
constituent of the secondary anthropogenic fen areas, where fen has been maintained in 
parts which would normally be occupied by carr. The distribution of Glyceria in these 
secondary areas depends upon the drainage conditions obtaining and upon the past 
history of such areas as regards intensity of annual cutting. Its dominance is favoured 
by regular summer cutting and by an ‘ open-dyke ’ system of drainage which permits free 
circulation of tidal water between the peat strips. 

9. Glyceria forms the main agent in the overgrowth of the drainage dykes consequent 
upon neglect. Its relationship to Phragmites in successive stages of dyke overgrowth 
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Phot. 2. A largr ddachcd jioaiing ' island' of (Uycoria hover in the present Surli}i(jh(nn Broad. 
]*h<)to^rai)lu‘d Augtisl 1945. 'riiis mass, which had clearly heen dcta(‘lied fairly recently 
from the marginal reedswamp, was drifting ((uite freely about tlu* Proad with every 
change in wind and tide*. Lt'aves ol‘ associated Typha latifolia can be seen protruding above 
the general level of the Glyceria mass. 
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Pilot . 3. Part of the Phr'a|i'jnit<‘s//7'//f/^^ honlerin(f the retttro/ rh/innel of the old Sttrlhtf/ham Uroad, 
at loir tide. priiiiary Ohjceria tVai is liiddiMi b(‘hind tli(‘ but a sinall detacliod 

tloatiu^ mass of (dyreria caii be (list iniruislual in front of tlu^ naalstools on tli(^ ri|i:lit. showing 
th(:; appaivnt h('ight (Iitf(*r(‘n(‘(' in t h(^ habit ot tlu‘ two s|K.M'i(‘s. A (hmso drifting mass ol' 
Cemtojihyllutn donenswtn and Levina spp. (Ka-upii^s tlic^ loroground. 






























A 




m 


'^7J 










1 








f V, 


'N: 




£1 


(■ 

1\ 


Idiot. 4. A drainuye dyke if the 'open-dyke' system almost jilled ivith ( dyceria 

encroaching from the 'marginal (llyi'erielurn of the secondary fen bordering the dyke, Tho 
|)}iotograf)h is taktm at low tido, showing wadi tho dilloronc-o in level between the floating 
hovel’ and the stabler fen (tlycairictiim, although the two are organieally connected. At high 
tide t he floating hover rises almost to the level of the fen. 
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reproduces exactly the relationship between the two observed in the main primary 
regions. 

10. The limitation of Glyceria within the peat basin to areas under the influence of 
moving tidal water is thought to be more probably related to mineral salt supply than to 
possible aeration of the substrate consequent upon such water movement. This view is 
supported by the observation that in inorganic areas beyond the peat basin, Glyceria 
is frequently dominant in dykes, ponds, and low-lying areas which have no connexion 
with the tidal system and in which water movement is at a minimum. 

11. Both primary and secondary fen Glycerieta contain relatively few subsidiary 
species in comparison with the other fen communities. It is suggested that the early 
mechanical prostration of the long Glyceria shoots produces a mattress which is effective 
in preventing the invasion of seeding species and of species of low habit reproducing 
vegetatively. The same factor appears to be responsible for the fact that within both 
primary and secondary areas, an invasion of the Glycerietum by Phragmites is apparently 
always a prelude to the establishment of carr. 

In conclusion, I should like to express my great appreciation of the encouragement 
given by Dr E. M. Delf, of Westfield College, during the preparation of this paper. 
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STUDIES IN THE ECOLOGY OF RIVERS 

VI. THE ALGAL GROWTH IN CERTAIN HIGHLY CALCAREOUS STREAMS 

By R. W. BUTCHER, Ministry of Agriculture and Fisheries 
(With four Figures in the Text) 

Introduction 

It was recorded in a previous paper (Butcher, 1938) that contrary to the results obtained 
on the rivers Tees (Butcher, Longwell & Pentelow, 1931), Lark (Butcher, Pentelow & 
Woodley, 1937) and Bristol Avon (Pentelow, Butcher & Grindley, 1938) the algal growths 
on the river Hull (a canalized stream) showed no very definite seasonal variation in species 
and very little in quantity. The collections were taken at comparatively long intervals, 
and it was thought possible that some sudden increases of certain algae may have been 
missed. While stationed at Alresford, Hampshire, opportunity was therefore taken to make 
more frequent counts of the algae growing in the river Itchen at that place together 
with supplementary collections at other places on that stream and on the neighbouring 
Test, a river of similar character to the Itchen. The general character of the Jtchen was 
described by Butcher (1927) and the method of collecting (Butcher, 1940). 

For a period of 12 months counts were made of the algae growing on glass slides that 
had been on the river bed for 5, 10, 20, and 30 days respectively, and these counts were 
made at intervals of 10 days, making a total of about 150 counts. It seems most unlikely 
that with such frequent observations any important variations could have been missed. 
During the following 6 months the time of immersion of the slides was increased to give 
30-, 40-, 50- and 60-day counts in order to get some idea of the point where equilibrium 
between increment of growth and loss due to changing physical conditions was obtained. 

In addition to the series laid in the river where the average current was 3000 m./hr., 
a set was put in a small pond 15 ft. x 9 ft. x 18 in. which was being fed from the river by 
a channel 120 ft. long and so had water of the same composition, presumably, as the 
river. The samples are referred to as the pond samples. Other series of collections at 
intervals of 20 days were taken at St Cross and Woodrnill, 7 and 16 miles respectively 
downstream from Alresford, and at Longstock on the river Test. 

The method of obtaining the necessary data at Alresford was as follows. Two frames, 
each containing four slides, were laid side by side in pond or river. From one, the up-river 
slide was removed every 5 days and nos. 2 and 3 or 2 and 4 alternatively at intervals of 
10 days. This gave the 5-, 10- and 20-day series. In the other frame one slide was removed 
at intervals of 10 days, nos. 3 and 4 being removed together. This gave the 30-day series 
with no. 4 a duplicate. For the 20-60-day series four frames each with five slides were 
used, fixed side by side. One frame was devoted entirely to the 50-day series, a second 
to the 60-day series, a third to the 40-day series, with tfie bottom slide for the necessary 
60-day otherwise missing, while from the fourth frame the order of removal of the slides 
was up-river (no. 1) and bottom 2 and 4, 1 and 3, 2 and 5, 1 and 4, 2 and 3, thus giving 
the 20- and 30-day series. 
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It was possible to do most of the counting under a joth water immersion lens aided by 
an eyepiece micrometer limiting an area of 0*0225 sq.mm. Fifteen or twenty fields were 
usually counted taken diagonally across the slide at intervals of 0*5 cm. More were 
counted when the growth was very thin. When the growth was thick (more than about 
9000 organisms/sq.mm.), it had to be scraped off and diluted with water, shaken and the 
contents of ml. spread on a ruled slide and counted. In this quantity there were 
usually about 2000 organisms. 

The data presented in the tables may be used to show three things. Each column read 
vertically shows seasonal change with a constant time of immersion. In T'lble 1 read 
horizontally, or Table 3 read diagonally, the figures give algal flora on the day of collecting 



Fig. 1. 'J’otiil growth of algao/Hq.mm. in the river Itehen at AlresforU for ])eriod.s of 
suhniergenee of lO, 20 and 30 (Jays. Jan. l)t‘c. 1935. 


and on slides which have been immersed for various periods. In these same tables the 
figures read diagonally (Tables 1 and 3) or horizontally (Tables 7 and 8) give the details of 
colonization and change in a given batch of slides immersed for the same day. Only the 
average figures of the more important algae are usually given, but the whole data may be 
examined on application to the author. 

Total quantity of algae 

A graph of the total amount of the growth for the river Itehen appears in Fig. 1. It 
comprises a series of irregular curves from which it is not easy to decide whether there 
is a seasonal periodicity or not. From the 30-day curve one might postulate periods of 
maximum development from February to June and from August to October, but this is 
not supported by the 30-day pond curve (Fig. 2), where the maxima are July and 
September, and only in part by the 20- and lO-day curves. In the 20-60-day results 
(Table 1) only irregular fluctuations can be detected. The curves of quantity therefore 
correspond on the whole to those obtained on the river Hull (Butcher, 1938) and are 
formed of a single annual cycle with maximum about midsummer and minimum in winter. 
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Table 1. Quantities of algos in nos. /sq.mm, growing in the river Itchen and the pond 

at Alresford 

River Pond 


Days submerged . 
Date collected 

.. 20 

30 

40 

50 

60 

20 

30 

40 

50 

60 

15. ii. 36 

5819 

8908 

4482 

14206 

7577 

1608 

1630 

5621 

5897 

5106 

9. iii. 36 

4005 

7271 

5913 

6403 

7535 

2574 

6114 

4285 

5751 

7710 

21. iii. 36 

5738 

— 

5151 

6049 

7338 

4446 

— 

3411 

4541 

9471 

3. iv. 36 

3330 

5780 

— 

6633 

4415 

5427 

5359 

— 

2630 

2858 

14. iv. 36 

5998 

6569 

4379 

6877 

6260 

2274 

1254 

2051 

1048 

4549 

26. iv. 36 

4471 

2475 

5620 

5250 

5536 

1350 

830 

1150 

1421 

2242 

8. V. 36 

5688 

5102 

5773 

5306 

4961 

862 

1284 

1973 

1271 

2712 

18. V. 36 

4961 

6606 

6363 

8569 

7232 

1603 

1103 

1847 

1965 

2598 

30. V. 36 

4568 

5709 

3051 

4534 

3671 

2744 

2063 

2025 

1344 

1433 

14. vi. 36 

4409 

7660 

9283 

4226 

15969 

808 

1813 

1450 

1284 

1160 

Means 

4709 

For 

6230 5635 6806 6949 2390 2383 2646 

progress of colonization read diagonally downwards to right. 

2715 

3944 



Fig. 2. Total growth of algae/sq.ram. in the pond at Alresford Experimental Station for 
periods of submergence of 10, 20 and 30 days. Jan.-Dee. 1935. 


On this general curve are superimposed irregular fluctuations probably caused by quickly 
changing external physical factors such as floods, turbidity and sunlight as well as by 
strictly local biological and physical events such as the browsing of animals on the 
growth, the complete detachment of a film due to the formation of gas bubbles, and the 
rubbing away of algae by foreign bodies moved by the current. It should be noted also 
that if one had taken single monthly collections, i.e. every third point on the graph, the 
curve would have been much smoother, and the low point at the end of July either would 
not be shown at all or, if it had been the July collection, it would have assumed great 
significance and divided the annual cycle into two periods of maximum growth (cf. also 
the curves in Fig. 3, which are at 30- or 20-day intervals). 

The general curve on which all the smaller fluctuations are apparently superimposed is 
clearly distinguishable in the results from other stations in the Itchen, Test and Hampshire 
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Avon; minimum amounts are found between December and February, a steep rise in 
March to May, irregular fluctuations throughout the summer, and a gradual fall to 
minimum values in December. It is natural to assume that this variation is an annual 
one caused by some slowly and constantly changing physical factor such as the length of 
daylight or temperature, but on this point the data are confusing and insufficient. Both 
Pearsall (1923) and Butcher, Longwell & Pentelow (1931) quote figures which show no 
relation between diatom maxima and temperatures, and in the results from almost all 
rivers examined the maximum period of growth, May to »luly, comes well before the 
season of highest water temperatures (July to August). 

Table 2 below gives the quantity of algal growth at Alresford and the total sunshine 
for the previous 5-10 days at Long Sutton, about 10 miles away. Here again little corre- 

Table 2. Quantities of algae in nos.jsqMfn. growing in the river Itchen at Alresford 
on slides after 20 days (and 5 days) and sunshine, rain and air tetnperatures 


T^revious* Previous* 
No. of algae/sq.inm. 5 days’ 5 days’ 



/ 

V . 




rainfall 

sunshine 

Mean 


River 

Pond 

River 

Pond 

in in. 

hr. 

temp. F. 


20 days 

20 days 

5 days 

5 days 

( )vingtt)n 

Long Sutton 

Alresford 

1. ii, 35 

49 

48 

62 

74 

009 

16-7 

43 

12. ii. 35 

616 

712 

356 

150 

004 

161 

33 

22. ii. 35 

203 

1335 

11 

248 

M3 

9-2 

— 

3. iii. 35 

236 

2522 

43 

308 

109 

13-8 

32 

13. iii. 35 

2729 

2578 

34 

39<> 

019 

10-5 

33 

23. iii. 35 

5653 

3620 

379 

813 

01 3 

30-8 

47 

2. iv. 35 

5929 

3882 

93 

818 

0-00 

15-9 

47 

17. iv. 35 

4543 

— 

60 

459 

1-06 

27*8 

43 

24. iv. 35 

5660 

4602 

1011 

977 

0*99 

19-6 

48 

4. V. 35 

6858 

2824 

573 

895 

0*24 

25-2 

49 

14. V. 35 

4118 

3918 

1100 

565 

006 

42'4 

54 

25. V. 35 

2942 



1439 

007 

34-7 

51 

4. vi. 35 

8652 

3331 

2602 

1099 

0-12 

25-8 

57 

15. vi. 35 

8568 

2260 

1102 

550 

1 -60 

23-6 

55 

25. vi. 35 

5871 

3088 

570 

848 

005 

33-7 

64 

5. vii. 35 

5813 

5092 

1880 

llfK) 

0-68 

27-2 

61 

15. vii. 35 

7010 

3071 

1266 

907 

000 

50-7 

68 

25. vii. 35 

1788 

6512 

3703 

3415 

0-36 

28- 1 

57 

4. viii. 35 

414 

7303 



0-00 

41-7 

60 

14. viii. 35 

6248 

5864 

515 

976 

006 

40-9 

59 

25. viii. 35 

2244 

2440 

324 

689 

0-58 

38-4 

60 

4. ix. 35 

5259 

4627 

824 

2231 

Ml 

17-3 

60 

Ifi. ix. 35 

9207 

8222 

728 

2102 

0-51 

29-5 

57 

26. ix. 35 

6639 

1805 

930 

849 

0-01 

26*7 

58 

6. X. 35 

5816 

1780 

201 

491 

2-21 

161 

49 

16. X. 35 

9178 

5497 

248 

461 

O-OO 

18-3 

53 

26. X. 35 

5594 

6012 

64 

1101 

0-58 

22-5 

40 

5. xi. 35 

956 

2742 

13 

27 

003 

5-2 

36 

18. xi. 35 

1625 

2996 

521 

1334 

017 

7-7 

36 

5. xii. 35 

1841 

233 



1-63 

11-5 

48 

15. xii. 35 

759 

— 

28 

248 

209 

0-7 

43 

24. xii. 35 

589 

1896 

2 

— 

0-65 

12-7 

35 


lation can be seen, and the same may be said about the relationship of sunshine and algal 
growths on the Test and the lower Itchen. On the other hand, the number of algae 
appearing in 5 days is almost always larger when the amount of sunshine is high, suggesting 
that sunshine, though not a predominant cause, does induce more rapid growth of the 
algae. July is often a month with little sunshine and also low amounts of algae, and it 
was at first thought these might show some correlation (as, indeed, they do in 1937), 

* By courtesy of the Meteorological Office, Air Ministry. 
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but in 1935 maximum sunshine came in July, and some of the curves of the algal growth 
showed the usual decrease in that month. 

The cause of the smaller fluctuations is equally obscure. The factors usually invoked 
are rainfall and food substances dissolved in the water. Rainfall may react in three ways : 
by increasing the turbidity of the water and hence cutting down the light, by causing 
greatly increased current speeds which scour away the algae, and by washing into 
the river increased amounts of dissolved salts. Fed by springs and situated on the upper 
chalk, the Itchen at Alresford maintains a level constant to a few inches throughout the 
year, and turbidity and water level change only after exceptionally heavy rainfall, so 
flood and turbidity may here be ruled out as causal factors in the algal growth. Also 
there does not appear to be any relationship between algal growth and the preceding 
5 days’ rainfall shown in Table 2. 

The Itchen is rich in calcium (hardness 18 pt. CaCOg/ 100,000) and contains a plentiful 
supply ol dissolved salts compared to, say, the English lakes, and it seems unlikely that 
any of these salts ever becomes a limiting factor. Of the strictly local factors mentioned 
above which cause sudden decreases, the browsing of animals is the most important. The 
relationship of the animal to its algal food is a very important one which has as yet 
hardly been touched upon, and it can only be mentioned here as yet another factor 
producing variations in the amount of algal growth. 

The disappearance of growths due to the formation of gas bubbles underneath the film 
and the rubbing away of algae by odd bits of debris are even more irregular and local 
and consequently the minima they cause in exceptional circumstances can be very 
misleading when the data are few, and given proper place only when the data are 
sufliciently numerous. 

It is clear from the above considerations that there are a large number of factors which 
at a given time and place can influence algal growth and cause fluctuations of greater 
or less intensity, usually locally in one portion of a river bed, but sometimes over con- 
siderable distances. These are well seen in the results from the Itchen, and until examined 
carefully give a false idea of a seasonal curve. The extreme case of a loc.al fluctuation lies 
between 25 July and 4 August 1935, when, in the river, the growth was reduced in a way 
best shown in Table 3. The period was sunny and dry with a clear river, and as this 


Table 3. Growth of algm in nos, {sq.mm. 


Immersed 

After 5 days 

After 10 days 

After 20 days 

After 30 days 

5. vii. 3r) 

1765 

3171 

1788 

820 

15. vii. 35 

322 

4808 

414 

5854 

25. vii. 35 

3197 

369 

6248 

3805 


Figures read diagonally upwards to right show the quantities on a given day. 


marked decrease is not shown in the pond samples over the same period, it is clearly an 
example of variation due to a factor local to the river. Nothing abnormal was noted 
at the time, so the cause is still to be discovered. 

Colonization 

In a general way colonization of the glass slides appears to be completed in about 20 days 
except in the winter, when growth is evidently slow and colonization takes 30 40 days, 
a fact clearly brought out in the 30-60-day series (Table 1). In slides left for periods 
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between 30 and 60 days both negative and positive increments are shown. Many of these 
are within the limits of experimental error which for this method of counting has been 
calculated as a mean deviation of ± 60 % , but there are some cases which show an actual 
loss of algae and a change in the nature of the growth as between 20 and 30 or between 
30 and 40 days (see later). In the pond, where growth is apparently slower and the 
quantities of algae not so large, it is axiomatic that colonization will take longer to 
complete, and here it would appear to be done in 30-40 days. Godward (1934) studied 
the distribution and colonization of algae on phanerogams in a small pond, and it is 
clear from her observations that there, also, colonization was simply a matter of the time 
the substratum had been in the water (young leaves, for example, are immersed a shorter 
time than the mature ones), together with the rapidity of growth of the algae at the time. 
It is apparently independent of the nature of the substratum. The figures from the Itchen 
support these observations. 

Both the rivers Test and Itchen are virtually unpolluted, but the water contains a 
plentiful supply of calcium, other mineral salts and a certain amount of organic plant 
food. The composition of the water is probably related to the nature of the drainage 
plane. It is supplied chiefly from springs in the chalk, while surface water, which is only 
a very small proportion of the rainfall, drains a well-cultivated and manured lowland 
district. Using the ecological term applied in the classification of lakes, these streams are 
eutrophic. It is significant, therefore, that the average number of algae is of the same 
order (2500-10, OOO/sq. mm.) as found in other eutrophic waters. Judging from data 
obtained from other rivers the amounts of algal growth appear to fall into four groups, 
the others being oligotrophic waters with less than 2000/sq.mm, (e.g. the river Tees near 
its source), polluted or mesosaprobic waters with 10,000-100, OOO/sq.mm. (e.g. the Bristol 
Avon), while in the polysaprobic waters (e.g. the river Tame) the numbers again are low. 
In a similar way in nearly all rivers there is progressive change in the composition of the 
water as it passes from source to mouth. It becomes richer in salts and organic matter 
from drainage and this is usually accompanied by an increase in the quantities of algae. 
To this the Itchen is no exception. The mean values are at Alresford 4709, at St Cross 
8349 and at Woodmill 9426 algae/sq.mm, respectively. 

Alternatively, since the speed of flow is considerably less at Woodmill than at St Cross 
or Alresford the increase could be caused by the small current at the first place, but this 
does not account for the increase at St Cross as compared with Alresford where the currents 
are almost the same, nor for the lower value for the pond (2390 algae/sq.mm.) as compared 
to the ri V er . If one can assume that the current of a stream as measured by floats on the surface 
bears some relation to the microscopic current over the algal film, the data here presented 
do not support the opinion usually held that algal growth is inversely proportional to 
the current. In all the rivers here considered where comparisons can be made, the places 
with vigorous current produce more algae than the places with little current. On the 
Hampshire Avon (see Table 5) Latchmore has the fastest and Bickton has the slowest 
current. On the Itchen the order from slow to fast is: pond (above the Alresford weir), 
Woodmill, St Cross (below the Alresford weir), and the average algal growths/sq.mm, 
are 3600, 3530, 9426, 8349 and 4700 respectively. 

Hence it is not alone the increased current of flood water which reduces algal growth, 
but rather its scouring action helped by the debris it contains together with the com- 
parative suddenness of the changing current velocities. These facts have an important 
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bearing on the so-called river plankton. The greatest quantities of free-floating micro- 
organisms are present immediately after the flood, the source of which are the bottom 
growths scoured and washed into the water and such maxima are purely temporary. 
After the scour the numbers are small and then gradually increase with the increasing 
increment of sessile growths. The increase of plankton on low water and in summer, 
such as recorded for the Thames by Rice (1938), could be assigned equally well to the 
greater penetration of light to bottom-living algae and the smaller dilution as to the 
decrease in current. This matter of current is discussed further on pp. 278-9. 


Table 4. Algae in the river Tees 


Miles from source . . 

. 14 

16 

20 

23 

26 

29 

31 

34 

36 

51 

57 

67 

Achnanthes 

1200 

1800 

1300 

3000 

600 

1800 

1600 

250 

1600 

— 

— 

— 

Chaetopeltia 

40 

10 

— 

220 

20 

20 


— 

— 

— 


— 

Cocconeia 

— 

— 

20 

720 

2100 

150 

900 

800 

1900 

1800 

100 

900 

Ulvella 

20 

10 

— 

430 

500 

350 

620 

80 

450 

300 

1200 

70 

Chamaeaiphon 



30 

— 

380 

20 

1800 

3(K) 

1400 

1700 

20 

1200 


Sewage drains in just above 20, 26, 31 and 51. 

The nature op the algal communities 

Table 6 gives the average numbers of algae taken over a long period in the Itchen, Test 
and Hampshire Avon. A full list of species as far as they were determined appears in the 
Appendix. Ignoring the pond for the time being the five dominant species are Cocconeis 
placentula, Achnanthes minutissinia, Chamaesiphon incrustans, Ch. regularis and Ulvella 
frequens. Other algae present in some quantity at all places are Achnanthes lanceolata, 
Gomphonema parvulum, G. olivaceumy Nitzschia palea and Cymbella ventricosa, all diatoms; 
the Chaetophorales, Sphaerobotrys JluviatiliSy Protoderma sp. and Stigeoclonium farctum, 
and the blue-green alga Phormidium foveolarum. 


Table 5. Principal species of algae, average nos. /sq.mm, in various rivers 

Itchen 



Pond, Alresford 

Alresford 



Test, 

Hampshire Av 

on, 


( "N 

( 

A 

St Cross, 

Long- 

Breamore, Bicton, 


20 days 

60 days 

20 days 

60 days 

Woodmill 

stock 


Latch more 


Period 

Jan. 35- 

Feb.- 

Jan. 35 

Feb.- 

June 36-Mar. 38 

J une 33- 

Mar. 36-Mar. 37 


June 36 

June 36 


June 36 

r~ 

^ 

Jan. 35 

^ 

v 

— 

No. of collections. . . 

42 

10 

42 

10 

28 

28 

21 

15 

15 

15 

Cocconeis placentvla 

700 

1900 

1500 

1300 

2500 

1500 

2500 

2500 

2900 

2100 

Achnanthes minu- 

1200 

— 

400 

400 

1900 

2600 

500 

700 

900 

2200 

tissima 











A. lanceolata 

— 

— 


100 

100 

200 

1(X) 

100 

300 

100 

Gomphonema spp. 

200 

600 

100 

200 

400 

600 

— 

1900 

700 

1500 

Cymbella spp. 

— 

— 


— 

500 

900 

100 

200 

200 

100 

Nitzschia '^ea 


— 

100 

— 

100 

500 

200 

1100 

8(K) 

4700 

Ulvella frequens 

400 

600 

200 

200 

600 

500 

200 

500 

500 

700 

Sphaerobotrya 

— 

200 

100 

200 

200 

300 


300 

200 

8(X) 

fluviatilia 











Stigeoclonium sp. 

100 

100 

— 

200 

200 

500 

100 

100 

200 

200 

Chamaeaiphon spp. 

400 

400 

1400 

3900 

900 

1400 

1100 

1500 

1300 

4600 

Others 

600 

300 

300 

500 

400 

900 

300 

2100 

2000 

1800 

Total 

3600 

4000 

4100 

7000 

7700 

9900 

5100 

11000 

10000 

18800 


Achnanthes mimUiaaima also includes A. linearis. Gomphonema includes O. olivaceuin, parvulum and con- 
strictum. Cymbella includes O. ventricoaa, affinia and lanceolata. Chamae&iphon includes C. imrustans and 
C. regularia. 
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With rare exceptions these dominants are present in quantity throughout the year, 
and though the members fluctuate considerably between themselves, neither a seasonal 
cycle nor smaller regular variations can be detected (see Fig. 4). This community is 
identical to that found, either all the year round or as a definite summer community, 
in a very large number of rivers which have been systematically examined. In the 
Tees (Butcher al 1937) it was shown that this community was dominant in the middle 
and lower reaches throughout the summer, but in the uppermost portions there was an 
Acknanthes-Chaet^^^^ community. This was replaced by Gocconeis-Ulvella wherever 
sewage drains flowed into the river in quantity, reappeared if the dilution was great and 
decomposition rapid, but eventually disappeared altogether. The results of one series of 
collections taken down the whole river are shown in Table 4. In its uppermost reaches 
among mountain and moorland the river water is deficient in dissolved salts and organic 
matter and may be said to be oligotrophic. Passing downstream the river, through 
drainage of more fertile land and more particularly from human and animal populations, 
is gradually augmented with organic matter and dissolved salts, a process conveniently 
known as eutrophication. The above figures of the Tees show the replacement of an 
oligotrophic community {Achnanthes-Chaetopelti^^^ by one (Cocxoneis-Chamaesip^^^ 
characteristic of eu trophic waters, a process accelerated where sewage drains in. 

The streams now being considered, the Itchen, etc., are all highly calcareous, but the 
upper Tees is a soft water, 3 -5 pts. CaO/ 100,000, so it is clear that it is not the hardness 
of the water which determines the presence of this community. Rather may it be con- 
sidered the climax in an algal succession as all rivers become progressively eutrophicated 
downstream. 

A point of very great importance to this climax community is undoubtedly the absence 
of a periodicity dependent on the season. The numbers of the various members fluctuate 
between themselves, but they still remain present in some (quantity all the year round. 
There are sudden increases of other algae illustrated here by Gomphonema olivaceum 
which may have a maximum in the spring but rarely at a definite period (see especially 
Itchen, Fig. 4a). Where seasonal variation among sessile algae has been recorded in 
eutrophic streams the above has been the summer community, while the spring com- 
munity comprises species entirely different from the above and they usually are Navicula 
\nridula, Surirella ovalis and Ulothnx zonaia. In the rivers now being considered these are 
rare species. No reason can at present be given as to why these rivers (Itchen, Test, Hull, 
Hampshire Avon) show no seasonal variation, while the Bristol Avon (Pentelow et al. 1938), 
Tees, Lark (Butcher et al 1931) and Thames (Rice, 1938) show spring maxima of species 
different from the summer ones, but it is probably related to the soil and underlying rocks 
of the district and also to the nature and volume of the drainage and waste waters 
and the type of flooding. 

Algal succession 

Table 6 gives the average quantities over a year and 6 months respectively of the dominant 
algae growing on glass slides in the Itchen and the pond after 6, 10, 20, 30, 40, 50 and 
60 day&. The order of frequency and proportion of quantity remain much the same 
throughout, the only possible exception beiiig the later development of Cliamaesiphon. 
This, however, is an addition to and not a replacement in the community. Thus there is 
no algal succession, a fact which confirms the view that here one has a climax association. 
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Jig. 4a. Quantities of certain dominant algae/sq.mra. developing in 2(i days in the pond and river at Alresford, 
in the river Itchen at Woodmill, in the river Test at Ixiiigstoek and the Hampshire Avon at Breamore. 
Samples taken up every 10 days at Alresford, every 20 days at Woodmill and Breamore and every 
30 days at Longs took. 

The following algae were not in sufficient quantity to be inchided: Achnanlhes in the pond in 1036 and at 
Longstock in 1933; Ulvella in the river at Alresford in 1936 and at Longstock in 1933; Ch-amaesiphon in 
the pond in 1936; Gomphonema in the river at Alresford in 1936 and at Longstock. 
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Table 6. Development of algal communities. Annual mean nos. /sq.mm, of algae on 
glass slides submerged for various periods in the river Itchen and a pond aX Alresford 

Feb. 193.5-Jan. 1936 Feb.-June 1936 


No. of days submerged . 

.. 5 

10 

20 

(a) 

30 

River 

20 

30 

40 

50 

60 

Cocconeis placentula 

217 

912 

1500 

1940 

800 

1520 

960 

740 

1580 

Achnanth^ spp. 

125 

304 

400 

655 

150 

320 

300 

220 

580 

Oomphonema spp. 

18 

45 

100 

354 

100 

110 

40 

250 

160 

Ulvdla frequens 

38 

68 

200 

235 

80 

210 

150 

210 

320 

Chamaesiphon spp. 

26 

134 

1400 

(b) 

1864 

Pond 

4520 

4260 

1900 

3580 

4020 

Cocconeis placsntula 

140 

334 

730 

1350 

820 

1180 

1320 

1860 

1540 

Achnanthes spp. 

400 

539 

1150 

803 

60 

140 

100 

14 

10 

Oomphonema spp. 

30 

59 

210 

455 

80 

80 

60 

520 

30 

UlveUa frequens 

160 

321 

410 

491 

260 

600 

1180 

700 

700 

Chamaesiphon spp. 

40 

86 

410 

740 

100 

240 

60 

320 

120 


Table 7. Quantities of Ulothrix as no. cells/sq.mm. on glass slides submerged in 

the river Itchen 


No. of days submerged 


Date 

submerged 

20 

30 

A 

40 

50 

^0 

4. vi. 36 

282 

— 

— 

— 

— 

18. V. 36 

0 

1324 

— 


— 

8. V. 36 

1024 

0 

617 

' — 

— 

26. iv. 36 

0 

594 

0 

100 

— 

14. iv. 36 

0 

0 

188 

0 

1065 

4. iv. 36 

— 

0 

0 

453 

59 

21. iii. 36 

— 

— 

0 

0 

147 


For the progressive change of a given set of slides read horizontally. 

For a set of slides collected on the same date read diagonally downwards. 


In the apparatus used for this work, five glass slides were fixed in a frame and one 
only removed every 10 days. The results taken over a period show not only the increment 
of growth and nature of the community as a whole but also the decrease in the quantity 
of any species. Although growth is usually a steady increase to about 30 days an organism 
can suddenly increase within a 10-day period, or what is even more important it can 
decrease or even be completely washed away and reappear again within a month or so. 
The most striking case was of a double ‘ wave ’ of Ulothrix aequalis in May 1 936 recorded 
in Table 7. Naturally the diatoms, being lightly attached to the substratum, react quickly 
to changing conditions, and this is well shown for Gomphonefna, Chamaesiphon and 
Ulvella do not show so definitely. 


Difference of pond and river 

With so little change in the water of pond and river one would have expected a similar 
algal community to develop in both. The difference between them is one of the most 
striking facts which has arisen in this work. The species present are much the same, but 
their numerical proportion is quite different (see Table 6). In the river Cocconeis and 
Chamaesiphon as a rule make up 80% of the community; Achnanthes, Gomphonetna and 
Nitzschia palea are frequent, but the Chaetophorales Ulvella^ Sphaerobotrys, ChaetopeUis 
orbicularis and Stigeoclonium farctum are in much smaller quantity. In the pond while 
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Cocconeis still dominates, the Chaetophorales usually occupy the second place, and the 
diatoms are much fewer though on the whole comprising the same species. Occasionally 
a series of growths in the pond would be almost indistinguishable from those in the river. 
Further, in spite of quieter conditions the growth in the pond was slower than that in 
the river after the first 10 days. The algal community of the Hull canal approximates 
closely to the pond, and that in the West Beck to the river Itchen. 



Fig. 4 b, 

It would seem from these results that there is a fundamental difference between still 
and running water based on the difference of movement alone. There does not seem to be 
any reason to think that the composition of the water was different as the pond leaked 
badly and was completely renewed within 48 hr. Nor does it appear to be simply the 
strength of the current as one has never observed such fundamental differences in the 
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Table 8. Nos.jsq.mm. of certain dominant algae growing on glass slides 
in the river Itchen, February-June 1935 




CoccoTieis 



Achruinthes spp. 



Gomphom 

•,tna spp. 
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No. 01 days 

f 








( 



> 

submerged . 

5 

10 

20 

30 

5 

10 

20 

30 

5 
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submerged 













25. vi. 35 

785 

— 


— 

341 

— 

— 

— 

68 




15. vi. 35 

158 

180 


— 

351 

640 

-- 


11 

48 



4. vi. 35 

107 

129 

68 

— 

89 

200 

0 

-- 

9 

() 

9 

- -- 

25. V. 35 

118 

3756 

2144 

1985 

341 

1088 

347 

1909 

29 

6 

12 

45 

14. V. 35 

118 

111 

2138 

2691 

41 

79 

112 

27 

36 

4 

0 

3 

4. V. 35 

159 

630 

500 

1688 

67 

304 

773 

115 

9 

134 

4 

0 

24. iv. 35 

118 

189 

1238 

— 

64 

220 

724 

— 

18 

32 

207 


12. iv. 35 

28 

1349 

1307 

2874 

1 

536 

58 

1271 

3 

44 

0 

215 

2. iv. 35 

127 

671 

2636 

— 

58 

146 

262 


32 

66 

27 


23. iii. 35 

16 

207 

1223 

3667 

14 

182 

502 

816 

2 

19 

30 

27 

13. iii. 35 

65 

404 

2753 


25 

339 

631 


7 

.307 

44 


3. iii. 35 

13 

40 

1544 

1642 

1 

21 

1387 

996 

4 

7 

956 

40 

21. ii. 35 

— 

104 

931 

401 

— 

27 

1913 

3231 

— 

7 

7 

3432 

ll.ii. .35 

— 


72 

2096 

— 

— 

57 

318 

— 

— 

11 . 

20 

1. ii. 35 

— 

■— 

— 

428 

— 

— 

— 

789 

— 


— 

1204 



Nitzsch 

ia palea 



Ulvella 



haniaeslphn n sp . 
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submerged 













25. vi. 35 

112 



— 

182 




220 




15. vi. 35 

62 

120 

— 

— 

11 

47 

— 


48 

16 



4. vi. 35 

118 

265 

3 

— 

24 

18 

0 


0 

18 

5570 


25. V. 35 

268 

67 

6 

0 

14 

191 

24 

394 

14 

1529 

5944 

073 

14. V. 35 

155 

41 

0 

0 

2 

497 

59 

2 

18 

0 

5782 

5274 

4. V. 35 

84 

254 

684 

32 

29 

152 

13 

124 

0 

145 

117 

5447 

24. iv. 35 

29 

209 

211 

— 

0 

54 

418 


10 

4 

1044 


12. iv. 35 

1 

80 

4 

26 

0 

113 

413 

488 

1 

1()4 

4640 

3474 

2. iv. 35 

12 

0 

0 

— 

0 

11 

664 

— 

37 

120 

1665 



23. iii. 35 

1 

11 

21 

0 

1 

31 

354 

358 

2 

38 

770 

2186 

13. iii. 35 

3 

25 

62 

— 

0 

48 

387 

— 

4 

127 

1489 


3. iii. 35 

1 

2 

62 

0 

0 

1 

142 

449 

0 

4 

413 

3675 

21. ii. 35 


0 

0 

0 


12 

489 

548 

— 

1 

1006 

187 

11. ii. 35 


— 

4 

0 

— 

— 

9 

4 

— 


3 

61 

1. ii. 35 


— 

— 

312 

— 

— 

— 

187 

— 



40 


For the progressive change in a given set of slides read hori/.on tally. 

For the seasonal variation with a constant period of submergence read verticiilly upwards. 
P'or the quantities on a given set of slides eolleeted the same day read diagonally. 


slowest and fastest portions of the river as, for example, above and below the Alresford 
weir. Nor is there apparently any difference in temperature, light or oxygen content. 
There is clearly some physical difference in still and running water connected simply with 
movement. The algae obtain substances for their metabolism entirely from the water 
surrounding them. In a river this watery medium is being continually renewed over the 
algal surface, while in a pond this movement is very slow and irregular, and consequently 
impoverishment of the dissolved food substances can take place in the film adjacent to 
the algae. The statement very frequently made that running or turbulent water means 
good aeration is of course incorrect, as a pond full of green plants contains during the day 
far more oxygen than any rapidly flowing river. What does happen in rapidly moving 
water is that that there is a rapid and continuous renewal of raw material over the surface 
of any submerged solid. 

If this conception be correct several important conclusions follow. The increasing 
rapidity of growth with increasing current is to be expected up to a point when the algal 
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growth cannot make use of all the food substances presented to it in the passing water. 
Beyond this point growth will probably be stationary and removal of organisms will be 
more and more rapid. The greatest change in the composition of a water or watery solution 
of salts will take place when it is flowing as a shallow stream rapidly over a film of growing 
organisms. Repurification of polluted waters will thus be most rapid in small shallow 
streams where there is an abundant growth on the bed, though our knowledge of the 
metabolism of both algae and phanerogams is not sufficient to say what part they take 
in the breakdown of organic matter as distinct from the action of the bacteria and fungi 
with which they are naturally associated. 

Another consideration is that for estimates of dissolved salts and other food substances 
in relation to algal growth, comparative concentrations from running water and still water 
are meaningless. Considerably smaller concentrations are clearly sufficient to maintain 
growth if the solution over an algal colony is being continuously renewed than where the 
film is almost stationary and liable to be depleted. Strict comparison also cannot be made 
between slow and fast rivers unless quantities are expressed in relation to the discharge 
of the water past a given point. 


Encrustation 

Many writers (e.g. Tilden, 1897; Fritsch, 1943) have noted and commented upon the 
precipitation of calcium carbonate and the formation of a chalk encrustation among 
certain fresh-water algae. This precipitation is very obvious among the algal growths on 
the glass slides used in this investigation. There does not appear to be in the literature 
any clear-cut explanation of this phenomenon. 

The chemical reaction CaC 03 -{- II 2 O 4-C02 = Ca(HC 03)2 is a reversible one and the 
l)icarbonate is an unstable salt. In water the free CO 2 is removed by the assimilating 
green plants and since the equilibrium is disturbed, more OO 2 ifs released from the bi- 
carbonate, and calcium carbonate, being insoluble, must be preci])itated. This precipitation 
takes place, therefore, whenever green plants are assimilating in calcareous waters and 
the precipitate usually comes down in the form of calcite crystals. It is not confined to 
any particular species of alga nor even to the algae as a group, and it can equally well 
take place on the submerged leaves of flowering plants. There is, however, to be explained 
the extreme cases of incrustation around Gongrosira, Chaetopkora or RiAmlana. This can 
be accounted for by the ability of a body mechanically to hold and consolidate the crystals 
after they are formed. A completely flat parenchymatous disk will have no retaining 
power; a mucilaginous mass will retain quite a lot, and clearly a mass of small anastomising 
filaments, as developed almost to perfection in Gongrosira, will entangle and grow over 
and consolidate considerable quantities. The absence or presence of a chalk crust is of 
no taxonomic value whatever, and forms distinguished on the basis of this character, 
e.g. Chaelophora calcarea Tilden (1897), should be considered to have no status except 
to indicate that the plant grows in hard water. The Uhella-Cocconeis community will 
develop equally well in hard or soft water, and calcite crystals are always present in the 
former case. Chalk crusts were also observed on the grains of sand in filter beds at the 
Metropolitan Water Board (1939), and it is quite easy to see how the sand which is 
filtering out bacteria and assimilating algae will also retain and consolidate the calcite 
crystals liberated by the latter. 

J. Ecol. 33 
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Summary 

Quantitative estimations of the algal growths on the river bed of the Itchen, Test and 
Hampshire Avon have been made for more than a year at frequent intervals. 

The total quantities fluctuate considerably but show generally a single annual cycle 
with maximum in midsummer and minimum in winter. 

The average quantity increases downstream in response, it is suggested, to the pro- 
gressive eutrophication of the water. 

The average nos./sq.mrn. of glass-slide surface lie between 2000 and 10,000, a quantity 
found in all eutrophic waters. 

Quantities are larger where the current is fast than where it is slow. 

There is a single algal community throughout the year dominated by Cocconeis, 
Ulvella and Chamaesiphon, There are a few other algae that vary markedly in quantity, 
e.g. Gomphonema, but their maxima have not been at the same time each year. Apart 
from these there appears to be no seasonal variation. 

The above community increases with the progressive eutrophication of any river and 
is considered to represent the climax association of algae in any river. 

Marked differences in the community were observed in a pond fed by and adjacent to 
the river, and these differences are assigned to the physical fact of movement of the 
water over the algal film. 

An explanation of the calcium crust is suggested. 
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Appendix 


List of algae found in the Itchen (/), Test {T), and Hampshire Avon (A) during 

the experiments, 1933-38 


Chloeophyceae 

Chlamydomonas deaxae 
Oonium pectorale Mull. 

Pandorina morum (MuU.) Bory 
Sporotetras pyriformis Butcher 
Characium sieholdi A. Br. 

C. strictum A. Br. 

? Chtorella pyrenoidosa Chick 
Sphaerobotrys fluviatilis Butcher 
Pediastrum boryanum (Turp.) Men. 
Scenendesmus bijugatus (Turp.) Kutz. 
S. obliguus (Turp.) Kutz. 

S. quadricavda (Turp.) Breb. 


I. T. A. 


In pond 

r. 

r. 



— 

In pond 

r. 

— 

— 

Woodmill 

f., r. 

c. 

c. 


v.r. 

— 

r. 

In pond 

c. 

— 

v.r. 


s.d. 

m. 

m. 

In pond 

d., f. 

s.d. 

s.d. 


r. 

v.r. 

r. 

r. 


— 

v.r. 

— 


r. 

— 

— 
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Ulothrix aeqvxdia Kutz. 

C/. zonata (Web. & Mohr.) Kutz. 
CUidopJwra glonerata (L) Kutz. 
Stigeoclonium fcdklandicum Kutz. 

S, farctutn Berth, var. anglicum Butcher 
S. tenue Kutz. 

Chdetophora elegans (Roth) Ag. 

1 Protoderma sp. 

Ulvella frequens Butcher 
Gongroaira acLerococ^iia Kutz. 

G. achmidlei R. Richter 
Coleochaele scutala Breb. 

Chaetopeltis orhicularia Berth. 

? Chaedopeltia sp. as in Hull 
Oedogonium spp. indet. 

Vaucheria sp. indet. 
Bacillabiophyceae-diatoms 
Melosira varians Ag. 

M. diatana (Ehr.) Kutz. 

Cyclotella meneghiniana Kutz. 

C. cornta (Ehr.) Kutz. 

Diatoma vulgare Bory 
Meridian circular e Ag. 

Fragilaria intermedia Grun. 

F. leptoatauron (Ehr.) Hust. 

F. capucina Desmaz. 

Sytiedra ulna (Nitzsch.) Ehr. 

S. acua Kutz. 

Gocconeia placeniula Ehr. 

C. pediculua Ehr. 

Achnanthea microcephtda, Kutz. 

A, rninutiaaima Kutz, 

A . lineuria W. Sm. 

A, lanceoUita Breb. 

Rhaicoaphenia curvatu (Kutz.) Grim. 
Fruatulia rhomboidea (Ehr.) de Toni 
Gyroaigma Acumiimtum (Kutz.) Rab. 
Navicula cryptocephdla Kutz. 

N. viridula Kutz. 

N. cari Ehr. 

JV. reinhartii Gr, 

N. meniaculua Schurn. 

N. gracilis Ehr. 

Pinnularia viridis (Nitzsch) Ehr. 
Amphora ovalia Kutz. 

Cymbella aapera (Ehr.) Cleve 
C. parva (W. Sm.) Cleve 
C. affinia Kutz. 

C. veniricoaa Kutz. 

Gomphonema acuminatum Ehr. 

G. panrulum (Kutz.) Grun. 

G. anguatatum (Kutz.) Rab. 

G. constrictum Ehr. 

G, olivac^um Lyngb. 

Denticuln tenuia Kutz. 

Nitzackia diaaipata (Kutz.) Grun, 

N. amphibia Grun. 

N. paleja (Kutz.) W, Sm. 

N. acuta Hantzsch. 

N, acictdaria W. Sm. 

Cymatopleura aolea (Breb.) W. Sm. 
SurireUa ovalia Kutz. 

Chbysophyoba 

Heterolagynion oedogonii 
Myxophyoeae 

Chamaeaiphon incruatana Grun. 

C, regularia (Fritsoh) Geit. 

Phot^idium foveolarum (Mont.) Gom. 
P. retzii (Ag.) Gom. 

OaciUaioria limoaa Ag. 


At times 


At times 


In pond 
In pond 
In pond 


s.d. 

f. 

r. 

f. 

r. 

f. 

m. 

m. 

m. 

i'. 

m. 

0. 

d. 

s.d. 

c. 

m. 

m. 

c. 

s.d. 

m. 

f. 

d. 

d. 

d. 

c. 

— 

(• . 

r. 

c. 

— 

V. 

— 

— 

s.d., r. 

r. 

— 

— 

m. 

— 

r. 

r. 

r. 

m. 

m. 

r. 

r. 

m. 

r. 

r. 

r. 

r. 

f. 

f. 

r. 

f. 

f. 

r. 

— 

m. 

r. 

m. 

c. 

r. 

in. 

r. 

r. 

— 

1*. 

f. 

f. 

r. 

r. 

— 

d. 

d. 

d. 

m. 

r. 

— 

r. 

— 

— 

d. 

d. 

d. 

f\ 

in. 

r. 

s.d. 

s.d. 

s.d. 

r. 

r. 

r. 

r. 

- 

— 

r. 

r. 

m. 

rn. 

m. 

m. 

r. 

in. 

m. 

— 

— 

r. 

c. 

r. 


— 

— 

m. 

0. 

e. 

m. 

r. 

f. 

f. 

s.d, 

r. 

— 

r. 

m. 

— 

— 

— 

— 

r. 

s.d. 

s.d. 

s.d. 

r. 

r. 


11 1. 

m. 

c. 

— 

— 

r. 

m. 

m. 

m. 

d. 

d. 

d. 

r. 

f. 

f. 

m. 

— 

r. 

r. 

d. 

d. 

d. 

r. 

m. 

r. 

m. 

m. 

— 

r. 

r. 

r. 

— 

— 

m. 

r. 

r. 

m. 

d. 

d. 

d. 

d. 

d. 

d. 

s.d. 

s.d. 

s.d 

m. 

r. 

— 

r. 

— 

— 
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REVIEWS 

Harvey, H. W. Receyit Advances in the Chemistry and Biology of Sea water, Pp. 164, 
29 figures. lO.s*. 6fi. Cambridge University Press. 

The unusual features of tlio marine habitat and the diffi(;ultios arising during the study of marine-habitat 
conditions, come partly frotn the fact that the metabolism of marine organisms often differs from that of 
terrcfstrial creatures and partly from the fact that inarine habitats are almost always in a state of rai)id 
change. Technically speaking then, sequences of observations in one place deal neither with the same 
water nor with the same organisms, and, in order to obtain a rc^asonable picduro of ecological events in 
the sea, observations must be taken over a far larger space and on a far larger scale than is necessary in 
other habitat tyj)es. It has thus often appeared that the vast amount of marine researt^h carried out 
within the last thirty years had yielded an ecologi(?al harvest which was considered to be disappointingly 
small, when compared w^ith the wide scale of the investigations. The i)resont book will show^ that, in fact, 
a position has now been reached when integration is possible and that the harvest is impressive and will 
undoubtedly continue to be so. 

In the investigation of the marine habitat in strongly tidal conditions, the l^lymouth laboratory has 
taken a leading part and it has, in particailar, lK?en to the especial credit of som(> of the Plymouth 
workers that they early appreciated the fact that real advarice was only possible if som(% at least, of the 
biological problems involved could be isolated, as it w^ere, nnd(>r cultural conditions in the laboratory. 
The particular problems which have come to be asso(?iatod with this field of work are hence those w hich 
are especially suitable in their final stages for (ailtural and laboratory analysis those coiKM^rncd w ith tlie 
utilization of mineral matmials by marine plants and with their subs(‘quent role in the production of 
animals. In short, those problems cover what might well be called the metabolic ec'ology of the marine 
plankton. 

This book deals, first, with the data necessary to the analysis of the problems and, se(U)ndly, w itli tlie 
evaluation and integration of the facts obtained. The points of view^ are not separated, though it is 
obvious that integration becomes more pojssible in the later stages of the book and hence more prominent 
towards the end. The subjects treated include, first, a survey of the ]>hysical (diaraeters of the water 
masses, including those based on salinity or chlorinity, and then follows, secondly, a wide survey of the 
chemical characteristics, which includes both major and minor constituents and the dissolved gasc^s. 
There follow^ next chapters on the biologically imf>ortant constituents containing nitrogen and phosphorus, 
the methods e/nployed in their estimation, the regeneration of nutrient salts and the changes caused by 
bacterial acticm. Lastly comes a discussion on the role of these and other fact^ors in the growth of phyto- 
plankton and their bearing on the magnitude of the standing crop of plants and animals in the marine 
plankton. 

It may be said of this })ook tliat it is marked by the accurate presentation of fact and by the careful 
evaluation of its relevance. It gives a coherent picture of the |>rosent state of the subjects with w hich it 
deals, a picture which gains enormously in depth and colour from the author’s intimates acquaintance 
both with the problems investigated and with the future explorations which will be necessary. It is an 
important book to any biologist and one which is indisjx^nsable to those interested in aquatic.* biology. 

w. H. p. 

Howard, Sir A. Farming and Gardening for Health or Disease, Pp. 282, plates 15 and 
figures 5. 12.v. 6d. London: Faber and Faber. 

No doubt most ecologists, who are interested in soil conditions, would agree that the essential features of 
natural soil fertility are associated with the soil humus and with the micro-organisms that live on it. 
Sir Albert Howard’s views on this subject are well known, and the present book emphasizes them once 
again. It focuses attention on the value of cjomposts as an essential feature in the recuperation of a 
cropped soil, with new illustrative material drawn both from England and Soxith Africa. 

The book as a whole is concerned more largely with the thesis that the health of plants, and of animals 
feeding on these plants, is dependent upon soil fertility and, by inference, upon soil fertility as induced 
by humus composts. The view is one which is becoming increasingly fashionable and, attractive as it may 
bo, it will not be verified easily, nor, it may be suggested, by the methods employed in this book. The 
treatment of the subject adopted includes an interesting survey of ancient agricultural methods and 
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useful references to the yields obtained from them. There is, further, a survey of diiTcrent crop plants and 
their diseases, largely as they are believed to be affeckHl by compost treatments. The wide range of 
information is both interesting and useful, but, readable as the various sections arc, the treatment is too 
wide always to carry conviction. It is, moreover, difficult to lx*lieve that scientific agriculturalists are 
at once so biased and so incom})etent as they are represontod to l)e, even though many botanists will 
sympathize with the author’s revolt against the purt^ly laboratory attitude in soil investigations. 

The book has two considerable virtues. In the first place, its readability will help it to keep before the 
public certain fundamental principles of soil maintenance and crop production. In the second f)lace, it 
serves a valuable purj)ose in stating the argument that disease is commonly assoc;iated v\ ith some form of 
unsuitable nutrition. Hence it will generally be easier to prevent disease (by removing possible causes) 
than to try and find, or to use, remedial treatments when the malady appears. 

w. II. r. 


Tansley, A. G. Our Heritage of Wild Nature, Pp. 74, 26 photographs. Cambridge 
University Press. 

This l)ook is a reasoned demand for the pn^servation of the wild life in the British Isles. It deals rather 
fully with th(‘ nature of the jaoblem, with descriptions of the coiuTnunities, both animal and vegetational, 
whi(di are left for preservation, and with the measures whi<‘h are advocated to effect that preservation. 
Naturci fteserves, the u^ork of the l^’orestry rV>mmission and of the National Trust, the need for education 
of tlu‘ general jmblic and the role of National Parks are all treated at length, and the final (conclusions 
cm{)hasize the ne(*d for knowK'dgi' and for a National Wild Life Service. While it is inevitable that there 
is a certain similarity of view])oint betwcHUi this book and tin* recent re])orts published l)y the Brit ish 
Ecological Society, the ])r(*sent volume gains enormously not only frorii its more elegant style but also 
from the magnificent ])hotogra])hs with which it is illustrated. It is a work on(‘ can freely recommend. 

W. H. P. 


( HANtJES IN VEGETATION DUE TO dTIE WAR 

J. D. Grose. The Tm])act. of War on the Wiltshire Flora. Archaeol. Nat. Hist. 

M(UI. 1. 1944. 

I’his short pa])t‘r l>y an ex]K‘rient.ced fitdd botanist who is an acute observer contains a wealth of interesting 
and instructiv'c records. 

Tilt* war-tinuc activities most damaging to our native flora wt're found to lx* tlx* wholesale felling of wtxxIs 
a loss which w ill be [x*rmanent and disastrous if they are replanUxl v ith ali(‘n conifers and the cleararu'c 
and ploughing of scrub and heathland which havt* destroytxl, probably }H*rman(‘ntly. some rare Wiltshire 
specie's. The ])loughing of lowland ])astun*s and of gioat aivas on tlx* gt'iitler slo]X*s of the dow ns will not, 
Mr Grose belie v(\s, havx^ a ]X‘rmanent effect, because lx* thinks that such areas will lx* allowed to revert to 
their lormer condition. But if the Government’s intention to maintain tlx* great w artime extension of our 
agricultural area is (*aiTied inb) (*ffect nxxst of this new ly plouglx'd land w ill remain arabli*, and this is not 
a result of the w ai* u ith which w e (can rightly cjuariel. 

Weeds of cultivation, siudi as Lychnis giihngo, i^ntanrea cyanus aixl Melarnpyrufu arvinse, liave reap- 
|K*ared in ix'w ly cultivated ground aiul many other sjxcies, both w wds and members of t*stal>lished semi- 
natural communities, have migrated extensively, ap]xcaring in tank tracks and on slo[X‘s bared aixi scoi’ed 
by the traffic of heavy vehicles. Railw ay tracks, no long(*r sj)rayed w ith w(*ed-killer, have been abundantly 
coloniztcd l)y many speck's, and a new’ branch railway w hich has b(H*n very little used has [iroduced an extra- 
ordinary mixture of members of (cornfield, heath, pastun^ and woodland communities w ith w’(*(xls of waste 
ground. Water plants, presumably brought by visiting birds, have very rapidly vegetated Home Guard 
trenches whicch had become filled with water, and the range of man\ lias thus lxx*n greatly increased. A 
(|uarter-mile 8tr(ct(*h of an overgrown (canal was (cleaiod of vegetation and (convxci ted into a Fire Service 
water supply, and comparative lists from the overgrown canal, the same a year after clearing, and the s|K)il 
from the canal bed at two diffenuit dates in 1942, show a remarkalily large collection of s])ecies (117 in all) 
and illustrate a number of ecological processes. Roadside verges have been neglected, and several species 
have increased upon them; wiiile on one neglected lawn the liee and fly orchids have apjKcarixl. The 
author expects that the flora will largely return to ite previous condition wlien i)ea(*e returns, except for the 
native woodland trees and some heathland rarities. 


A. G. T. 
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PAPERS OF ECOLOGICAL INTEREST RECEIVED 

Albertson, F. W. Sc Weaver, J. E. Effects of drought, dust, and intensity of grazing on cover and yield of 
short-grass pastures. EcoL. Monogr. 14, 1944. 

Beard, J. S. Climax vegetation of tropical America. Ecology^ 25, 2, 1944. 

Beard, J. S. The natural vegetation of the island of Tobago, British West Indies. EcoL Monogr. 14, 1944. 

Carlisle, D. B. Sc Cuany, R. L. Brereton Pool. N.W. Nat. Union Yearb. 1941-3. 

Chapman, V. J. Methods of surveying Laminaria bods. J. Mar. Biol. Ass. U.K. 26, 1944. 

Chapman, V. J. Cambridge IJniv. Exped. to Jamaica. Pt. 1. A study of the botanical processes concerned in 
the development of the Jamaican shore-line. Pt. 2. A study of the environment of Avicmnia nitida Jacq. 
in Jamaica. Pt. 3. The morphology of Avicennia nitida Jacq. and the function of its pneumatophores. 
(Hot.), J. Linn. Soc.. 52, no. 346, 1944. 

Clausen, J., Keck, D. D. Sc Hiesey, W. M. Experimental studies on the nature of species. 11. Plant evolution 
through amphiploidy and autoploidy, with examples from the Madinac. Publ. Carneg. Tmstn, no. 564, 1945. 

Davies, R. D. Sc Milton, W. E. J. Direct rest^eding on upland peat. Welsh J. Agric. 18, 43, 1945. 

Eardley, Constance M. An ecological study of the vegetation of Eight Mile Creek Swamp, a natural South 
Australian coastal fen formation. Trans. Roy. Soc. S. Aust. 67, no. 2, 1943. 

Fa^an, T. W. , Jones, E. Sc Williams, E. E. The influence of liming on the herbage of acidic soils in Merioneth- 
sliire. Wehh J. Agric. 18, 73, 1945. 

Fritsch, F. E. Marine biological research in Great Britain. Nature^ Lond.^ 154, 1944. 

Jones, G. N. Flora of Illinois. University Press Notre Dame, 111. 

Knoche, Walter. Algunas observaciones microclimaticas en La Mina Aguilcr- Bolivia. An. Soc. cie;nt. argent. 4, 
137, 1944. 

Richards, P. W. The biogeographic division of the Indo- Australian Archipelago. 6. The ecological segregation 
of the Indo-Malayan and Australian elements in the vegetation of Borneo. Proc. Linn. Soc. Lond. 154, pt. 2, 
1943. 

Richards, P. W. The floristic composition of primary tropical rain forest. Biol. Rev. 20, 1945. 

Richards, P. W. The taxonomy of British bryophytes as a field for research. Nature, Lond., 155, 1945. 

Scourfleld, D. J. The nannoplankton of bomb-crater pools in Epping Forest. Essex Nat. 27, pt. 9, 1944. 

Stephenson, T. A. Causes of intertidal zonation. Nature, Lond., 150, 1942. 

Stephenson, T. A. Causes of the vertical and horizontal distribution of organisms between tidemarks in South 
Africa. Proc. Linn. Soc. Lond. 154, pt. 3, 1943. 

Stephenson, T. A. The constitution of the intertidal fauna and flora of South Africa. II. Ann. Natal Mus. 10, 
pt. 3, 1944. 

Weaver, J. E. Replacement of true prairie by mixed prairie in eastern Nebraska and Kansas. Ecology, 24, 
no. 4, 1943. 

Weaver, J. E. Recovery of Midwestern prairies from drought. Proc. Amer. Phil. Soc. 88, no. 2, 1944. 

Weaver, J. E. & Darland, R. W. Grassland patterns in 1940. Ecology, 25, no. 2, 1944. 

Welch, Paul S. The hatchet planimeter as a limnological instrument. Linn. Soc. Amer. Spec. Publ. no. 14, 1944. 

Welten, Max. Pollenanalytische, stratigraphische und geochronologische Untersuchungen aus dem Faulen- 
seemoos bei 8piez. Veroff. geobot. Inst. Rubd, 21, 1944. 

Williams, W. Varieties and strains of red and white clover — British and foreign. Bull. Welsh Plant Breed. Sta. 
H 16, 1945. 
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BRITISH ECOLOGICAL SOCIETY 

ANNUAL MEETING IN THE BOTANY SCHOOL, CAMBRIDGE 

9-10 January 1945 


Tuesday^ 9 January 

The winter meeting of the Society was opened in the afternoon of Tuesday, 9 January, in the Botany 
School, Cambridge, with the assembling of a large number of memViers and guests at an exhibition of 
ecological material arranged in the big elementary laboratory. Dr H. Hamshaw ThomEis had set out an 
exhibit of photographs and herbarium specimens illustrating ferns from the high mountain vegetation 
of Jamaica, at altitudes between 5(XX) and 7500 ft., rainfall over 100 in., and constant high humidity. 
Among the genera represented were Cyathe/i, Oleichenia^ Hymenophyllum, Elaphoylossum, Rhipidopsis, 
Diplazium and Ijophosoria, often with fronds of immense size. Mr T. O. Tutin showed seedlings of 
Junipenis communis from seeds collected on the Fleam Dyke near Cambridge, now germinating very 
sparsely. Dr M. H. Clifford had set out a series of photographs illustrating vegetation and scenery of 
the Cambridge district, the Fenland, and the Norfolk coast. Dr P. W. Ricliards exhibited a cultivated 
specimen of Barirarnia pomiformia and herbarium specimens showing to what a great extent direct 
variation of environmental conditions affects the morphology of certain plastic moss species such as 
Hypnum cupressiforme and Sphagnum subsecundum., whilst the non-plastic sjjeiues such as Breutelia 
chrysocoma are httle affected. Distinct forms from different habitats but of unknown (possibly genetic) 
status wore exhibited of other mosses such as Toriula ruraliformis and Forotrichum alopecurum. Genetic 
races of Dactylia glomerata were set out by Mr J. Crespin to demonstrate a series from lax types of low 
tillering capacity to those which are dense and tiller freely. Of the two, the former are short-lived under 
grazing, but naturally favoured in seed production. Dr V. J. Chapman exhibitod maps, herbarium 
specimens, and photographs illustrative of his paf)er to b(3 given at the meeting upon British saltmarsh 
species of Suaeda and Obione. Mr J, Rishbeth produced a striking exhibit of the flora of Cambridge 
walls and buildings. The lists, which includexi 128 species of flowering plants, were compared with those 
of Cambridgeshire jK)llanl willows, and of the church roofs of Poitiers. He conclusively illustrated by 
living samples a succession of stages, first from colonization by mosses, through invasion by flowering 
plants, and finally to a lichen degeneration of the moss-mat, possibly tlirough the efTects of bird droppings. 
Dr A. S. Watt had put out a book of the annotated photographs of the Cambridge Botany School 
ecological expedition to the (Cairngorms in 1938-9. Mr H. W. Howard set out an exhibit showing by 
dried si^ecimens and photographs the appearance of the diploid watercress, Nasturtium officiimh, the 
artificially made autotetraploid derived from it, and the naturally occurring allojiolyploid, to which it 
is proposed the name N. uniaeriatum should be given, and the sterile triploid hybrid between tlie last 
and N, officinale. Distribution maps for the wild forms were shown for Furop<), Britain and ( 'am bridge- 
shire. The newly re^^ognized species has seeds arranged in a single row on the replum (as in (Jardarnine), 
a lower stomatal index than N. offitcinale, and seeds with more numerous and smaller alveoli, as well 
as a more straggling habit in culture. 

Some 70 or 80 members and guests were present at a soiree held the same evening in the (Combination 
Room of Clare College. At the close of a most enjoyable social gathering Dr (). W. Richards expressed 
the thiLTikft of the Society to the Master and Fellows for the use of the Combination Room. The meeting 
dispersed about 11 p.m. 

Wednesday^ 10 January 

At 10 a.m. on Wednesday, 10 January, the Annual General Meeting opened with the reading and signing 
of the minutes of last year’s annual meeting, and with the reading of apologies for absence from Dr Turrill 
Prof. Buxton, Mr Elton, Dr Watson, Dr Chitty, Dr Southern and Prof. McLean. 
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The following were elected to membership of the Society: Mr J. Spedan Lewis, Mr G. Waterson, The 
Isle of Wight Natural History and Archaeological Society, Mr R. G. West, Mr C. A. Connell, Mr J. Rishbeth 
and Dr D. A. Webb. Mr Venables’ resignation was rei)orted. 

The report of the Hon. Secretaries upon the work of the Society in 1944 was read and accepted in 
the form already approved by the Council. 


Report of the Secretaries for the year 1944 

The thirtieth Annual Meeting of the Society was held in the University Department of Botany, Oxford, 
on 5 and 6 January 1944. On 5 January the meeting began with a yJeasant social evening at which 
films and lantern slides were shown, and where members were able to examine a large range of e(;ologic.al 
material set out in the laboratories. The business meeting was oi)ened next day at 10 a.m., and after 
the business had been concluded a series of six most interesting ecological addresses was given to the 
Society. We are very happy to thank Prof. Osborn and his colleagues for their hospitality and their 
energetic assistance with the meeting, and Mrs Osborn and her assistants for the provision of refreshment 
on a bountiful scale. 

The Council has again found it impracticable to hold a summer meeting of the Society, but a well- 
attended one-day meeting was hold on Tuesday, 21 March, in I^ondon, where a lively and informative 
discussion was held on ‘The Ecology of Closely Related S}>ecie8’. We are grateful to the Linnean Society 
of London for permission to use their rooms for this meeting, and for the convenience they have given 
us throughout the war in allowing us the use of a room for Council meetings. 

During the year printing difficulties have again very much retarded publication of our journals, but 
the second number of the 1944 volume of each journal is due to appear direc^tly. In both journals space 
has been devoted to the publication in full of the Council’s report on ‘Nature Conservation and Nature 
Reserves’, The 1944 volume of the Journal of Ecology contains also a full report of the joint meeting 
with foresters, under the title ‘Ecological Principles involved in the Practice of Forestry together 
with seven original articles, as well as reviews and accounts of the Biological Flora. The two parts will 
contain respectively 142 and 112 pages. 

Volume 13 of the Journal of Animal Ecology will be of about 185 pages, containing eleven original 
articles, as well as notices, reviews, and an extensive series of notices of publications on the animal 
ecology of the British Isles. Publication of the Biological Flora continues very satisfactorily with the 
apjMiarance of accounts of Tarnus communis, and of the genus Acer with three of its species. The editors 
devote much time and energy to this project and have an impressive list of accounts in preparation. 

The Society’s report on Nature Conservation has been very kindly received by the press and interested 
administrative l)odies, and it will interest members to learn that the (Cambridge University Press has 
published a small illustrated book by Prof. Tansley, called Our Heritage of Wild Nature, in which 
the author expresses at a popular level the basic ideas on which the Nature Conservation report itself 
was framed. Negotiations continue between the Council and other interested iiodies with a view to 
securing action along the fines indicated in the Nature (Conservation report, and ymrtly with this in mind 
the Council has applied for the Society to be admitted to membership of the Parliamentary and Scientific 
(Committee. 


During the year we have to record with regret the death of Prof. J. H. Priestley, who in times past 
has been host to the Society at Ix^eds, and of our French colleague, M. Pierre AJlorge. The membership 
of the Society has risen since last year from 398 to 420 members, 7 members having resigned or died, 
and 29 new members having been elected. Of the present membership 225 receive the Journal of Ecology 
alone, 132 the Journal of Animal Ecology alone, 61 take both journals, and 2 neither. 


H. Godwin 
L. A. Harvey 


} 


Hon, Secretaries 


The Hon. Treasurers gave a provisional report of the financial position of the Society, suggesting 
that with the grant of £150 from the Royal Society, and the excellent progress of collection of sub- 
scriptions and repayment of arrears, the Society might expect a surplus of perhaps £250 to £300 on the 
year’s working. The thanks of the Society to the treasurers for their devoted and successful work were 


♦ See also reports of the meeting in Forestry and in NcUure, 
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moved from the chair and carried unanimously. On the proposal of the President it was agreed that 
Messrs Wm. Norman and Sons be reapiK)inted auditors to the Society, and on the proposal of Prof. Pearsall 
it was agreed that a grant of £10 be made to the Freshwater Biological Association for 1945. 

The meeting then proceeded to the election of Officers as follows : 

H(m. Secretaries: H. Godwin, L. A. Harvey. 

Hon,. Editors: W. H. Pearsall, C. Elton. 

Hon. Treasurers: V. S. Summerhayes, A. 8 . Watt. 

Ordiimry Council Members: T. G. H. Osborn, C. B. Wiliaams. 

Prof. Pearsall reported that there was a present abiindanee of good papers for the Journal of Ecology y 
and coupled a request for brevity with a hojie that there should be a continued flow of contributions. 
He apologized for unavoidable delays in printing. Prof. Clapharn rej)orted that a total of ninett^en 
accounts had now apjxrared in the Biological Flora, that others were ready for press, and many were 
in preparation. 

Prof. Tansley reported that a small committee of the Council had been drawing up a memorandum 
upon the importance of ecological science in relation to Nature Conservation, with recommendations as 
to the creation of a ( ■entral Authority under whose auspices these matttTS might be considered at the 
national level. It was proposed to j)ublish this memorandum and send it to the administrative bodies 
concerned. Major Hume said that the Universities’ Federation for Animal Welfare Inid l)een f)romoting 
a Wild IJfe Service^ intended to co-ordinate the interests concerned. Dr Chapman asked that Mr Steers, 
adviser to the Ministry of Town and CVnmtry Planning, be kept informed of these activities. 

Dr H. H. Tliomas spoke strongly of th(‘ importame of air survey to ecological research, and of the 
im})ortancc that material already secured should become available to sc’ientists. He suggested that a 
pliotogra])hic re(;onnaissarK5e unit of th(? R.A.F. should be kept in being afttT the war, and become the 
core of a service available for many national purposes, including scientific research. Dr V. J. Chaj)man 
and (’apt. (J. Diver supported these views, and the following re»olution was carried unanimously by 
the meeting: ‘That tins meeting considers it most desirable that the Aerial Photographic Survey material 
secured by the Royal Air Forc'e should be made available for scientific purposes, that a photographic 
reconnaissance unit of the R.A.F. should be actively maintained after the war, that its servi(:es be 
made widely available for scientific j)ur}Kises: and requests the Council of the Society to take suitable 
action on this matter.’ 

'riie President, Dr O. W. Ricliards, then delivered his extremely stimulating presidentiiil address 
upon ‘Ecology from the View-|)oint of the Entomologist’. 

Afb^r the lunch adjournment Dr V. J. C’hapman read his pajH^r on ‘British S]X‘cie8 of Suaeda and 
ObioneJ. His outline of the au (ecology of these 8|x^cies included discussion of the various ecologica] 
features of the varietieis vulgarisy nmcrocarjHi and flc-xilis of Suaeda maritima. and of ecovars bitifolia 
and parvifolia of Obione portuhicoides. Comparison w as made betw een British and American distribution 
data, and reference was made to culture exfx^riments in soil of varying salinity. In the discussion 
afterwards Mr Howard, Dr O. W. Richards, Dr Godwin, Prof. Tansley and Prof. Pearsall took part. 

Mr C. H. Gimingham then gave an account of ‘The Structure of Bryophytic (Communities on Rocks 
in the Lake District’. He demonstrated that such communities possess a basic structure which remains 
more or loss constant in regard to life-form, but that from habitat to habitat the same life-form w ill 
be represented by different bryophytic 8|.x^cies. He contrasted the short com})act turf or dwarf cushions 
of thallose and compact leafy liverworts typical of open communities with the plagiotropic mat-forming 
aggregates of creeping forms in the closed communities, and compared the proportions of species of a 
given life-form class to be found in each of the six habitats comprised by the boulders in (1) mountain 
streams, (2) lake sides, (3) woods, (4) walls, (5) siliceous mountains and (6) limestone mountains. He 
illustrated a succession from an open associule tln*ough to a closed mat stage as a climax, with possibly 
a post-climax in places of rapid soil accumulation. An active discussion followed, in w hich the follow ing 
took part: Dr V. J. Chapman, Dr E. W. Jones, Mr T. A. Dxley, Major (1 W. Hume and Mr L. A. Harvey. 

There then followed an account by Mrs Daint/on of ‘The Activity of Slugs’. This was an account of 
the investigation of those sensory responses of the grey field slug, Agriolimax reiiculatus. wdiich led to 
its phases of activity. Experiment contradicted the suggestion that humidity affects activity, and 
light proved stimulatory but transient. The slugs proved, however, to be very sensitive to small decreases 
of temperature, responding to as little as one-tenth of a degree Centigrade per houi-. Tins response was 
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correlated convincingly with slug activity in natural conditions, the fall of temperature very commonly 
accompanying rainfall adequately explaining slug activity with the onset of rain. In the subsequent 
discussion Dr H. F. Barnes, Dr V. J. Chapman and Mrs L. A. Harvey took part. 

Dr A. S. Watt gave the concluding paper of the meeting on the topic ‘Bracken versus Heather*. The 
chief ecological characteristics of the two species were contrasted, the one geoph3diic, frost-sensitive, 
tall, a woodland inhabitant, and intolerant of deficient soil aeration ; the other phanerophytio, frost-hardy, 
light-demanding, and associated with acidic and raw -humus soils. It was concluded that over a certain 
range of habitats Pteridium may permanently suppress Calluna without anthropogenous disturbance; 
in other habitats grazing causes suppression of Calluna^ and in yet others Calluna may suppress Pteridium. 
Prof. Pearsall, Prof. Tansley and Dr le Cren took part in the discussion following the paper. 

The meeting was concluded with the expression by the President of the Society’s most cordial thanks 
to Prof. Brooks for the use of las department, and to Mrs Cod win, Mrs Watt and their many colleagues 
for their provision of generous refreshment. 
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BIOLOGICAL FLORA OF THE BRITISH ISLES 
ACCOUNTS PUBLISHED OR IN PREPARATION 
The parts already published are : 

J uncus L., by P. W. Richards and A. R. Clapham. J. Ecol, 29, no. 2. 

J. injtexus L., by P. W. Richards and A. R. Clapham. J. Ecol. 29, no. 2. 

J. effusus L., by P. W. Richards and A. R. Clapham. J. Ecol. 29, no. 2. 

J. conglomeratus L., by P. W. Richards and A. R. Clapham. J. Ecol. 29, no. 2. 

J. subnodulosus Schrank, by P. W. Richards and A. R. Clapham. J. Ecol. 29, no. 2. 
"^Zostera L., Z. marina L. and Z. horneinanniana Tutin, by T. G. Tutin. J. Ecol. 30, 
no. 1. 

Cladium mariscus R.Br., by V. M. Conway. J. Ecol. 30, no. 1. 

Aster iripolium L., by A. R. Clapham, W. H. Pearsall and P. W. Richards. J. Ecol. 

30, no. 2. 

J uncus jilijor mis L., by P. W. Richards. J. Ecol. 31, no. 1. 

J. macer Gray, by P. W. Richards. J. Ecol. 31, no. 1. 

*Rhamnus cathartics L. and Frangula alnus Mill, by H. Godwin. J. Ecol. 31, no. 1. 
Tamus communis L., by I. H. Burkill. J. Ecol. 32, no. 1. 

Acer cam/pestre L. and A. pseudo-platanus L., with a note on A. platanoides L., by 
E. W. Jones. J. Ecol. 32, no. 2. 

"^Polygonum L, em Gaertn., P. persicaria L., P. lapathifolium L. and P. petecticale 
(Stokes) Druce, by N. W. Sirnmonds. J. Ecol. 33, no. 1. 

Gentiana pneumonanthe L., by N. W. Sirnmonds. J. Ecol. 33, no. 2. 

These may be obtained from the Cambridge University Press, 200 Euston Road, 
N.W. 1, at }s. each ; those marked with an asterisk are sold as double parts, 2.s. Standing 
orders for all parts issued may be placed at the reduced price of 9d. each, double parts 
Is. 6d. 

The following are being prepared : 

Aconiium anglicum Stapf, H. A. Hyde, National Museum of Wales, Cardiff. 

Adoxa moschatellina L., Prof. M. Skene, The University, Bristol. 

Allium ursinum L., T. G. Tutin, University College, Leicester. 

A. mneak L., Mrs R. H. Richens, c/o The Botany School, Cambridge. 

Andromeda polifolia L., Prof. W. H. Pearsall, F.R.S., Department of Botany, University 
College, Gower St, W.C. 1. 

Anemone nemorosa L., A. C. Crundwell, Loadhams, Farnham, Surrey. 

Arenaria verna L., Dr K. Blackburn, King’s College, Newcastle-on-Tyne. 

A. norvegica Gunn., Dr W. A. Clark, King’s College, Newcastle-on-Tyne. 

Arum maculatum L., F. A. Sowter, 9 North Avenue, Leicester. 

Asperula odorata L., Prof. A. R. Clapham, Department of Botany, The University, 
Sheffield. 
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Atropa belladonna L., Dr R. W. Butcher and Dr W. 0. James, University Dept, of 
Botany, Oxford. 

Blacksionia perfoliata (L.) Huds., Dr B. Colson, University Department of Botany, 
Reading. 

Carlina vulgaria L., Cirsiurn palustre (L.) Scop, and C. vulgare (Savi) Airy-Shaw 
{C, lanceolatum (L.) Scop.), Dr W. A. Sledge, University Department of Botany, 
Leeds 2. 

(hlcJiicmn aiitiimn^ L., Dr R. W. Butcher, Culford House, Ewe Lamb Lane, Bramcote, 
Notts. 

Corallorrhiza trijida Chatel., Prof. J. R. Matthews and Dr Downie, University Depart- 
ment of Botany, Old Aberdeen. 

Cuscuta europaea L., Bernard Verdcourt, 86 Claremont Rd, Luton, Beds. 

Danaa cornubiensis (L.) Burnat, Dr G. Pethybridge, Penlee, Harleigh Rd, Bodmin. 

Daphne laureola L., Dr P. W. Richards, The Botany School, Cambridge. 

Elynim arenarius L., T. E. T. Bond, Tea Research Institute, Ceylon. 

E'pilobiiim niimynularifolimn R.Cunn., Miss A. J. Davey, Dej)t. of Botany, Memorial 
Buildings, Bangor. 

Eriocaulon septangulare With., Dr Leighton Hare, Jodrell Laboratory, Royal Botanic 
Gardens, Kew. 

Galinrn erectum Huds. and G. mollugo L., Miss M. Priestley, c/o The Botany School, 
Cambridge. 

Glaux maritima L., Miss C. M. Gibson, Municipal College, Portsmouth. 

Glyceria maxima (Hartni.) Holnib., Miss J. M. Lambert, Westfield College, Oxford. 

Goodyera repens R.Br., Prof. J. R. Matthews and Dr Downie, University Department 
of Botany, Old Aberdeen. 

Helictotrichon (Avena) pratense (L.) Pilgcr and //. pubescens (Huds.) Pilger, Dr G. Carson, 
School of Agriculture, Cambridge. 

Juncus articAdatm L., em. Wahlenb. and J . acutiflorus Ehrh. ex HofTm., Prof. A. R. 
Clapham, Department of Botany, The University, Sheffield. 

J. squarrosus L., Prof. W. H. Pearsall, F.R.S., University College, Gower St, London, 

W.C. 1. 

J. iriglumis L., Dr W. A. Clark, King’s College, Newcastle-on-Tyne. 

Junipems communis L., T. G. Tutin, University College, Leicester. 

Leontodon leysseri (Wallr.) Beck {Thrincia hiria Roth) and L. hispidus L., Dr K. 
Blackburn, King’s College, Newcastle-on-Tyne. 

Leucojum, aestivum L., Dr F. B. Hora, University Department of Botany, 
Reading. 

Limosella aquatica L., Dr F. W. Jane and Miss R. Dowling, Department of Botany, 
University College, Gower Sf, London, W.C. 1. 

L. subulata Ives, Dr K. Blackburn, King’s College, Newcastle-on-Tyne. 

Listera cordata (L.) R.Br., Prof. J. R. Matthews, University Department of Botany, 
Old Aberdeen. 

Lloydia serotina (L.) Reichb. and Lobelia dortmanna L., Dr N. Woodhead, University 
Department of Botany, Bangor, North Wales. 

Luzula forsteri (Sm.) DC. and L. pilosa (L.) Willd., Prof. T. Harris, University Depart- 
ment of Botany, Reading. 
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Melandrmm dioic/iim (L.) Coss. & Germ, and M. album (Mill.) Garcke, H. G. Baker, 
University Department of Botany, Leeds 2. 

Myosotis arvemis (L.) Hill, M. collina HoflFm. and M, versicolor Sm., A. B. Wade, 
National Museum of Wales, Cardiff. 

Myrica gale L., Miss A. J. Davey, Dept, of Botany, Memorial Buildings, Bangor. 

Naias Jlexilis Rostkov, Prof. J. W. Heslop Harrison, F.R.S., King’s College, Newcastle- 
on-Tyne. 

Narcissus pseudo-narcissus L., Dr J. Caldwell, University College, Exeter. 

Nardus stricta L., R. Elfyn Hughes, Department of Agricultural Botany, Bangor. 

Nartheciu?}} ossifraguni (L.) Huds., Dr Mollison, University Department of Botany, 
Old Aberdeen. 

Nasturtimn officinale R.Br., H. W. Howard, School of Agriculture, Cambridge. 

Obione portulacoides (L.) Mocj., and 0. jjedunculata (L.) Moq., Prof. V. J. Chapman, 
c/o Botany School, Cambridge. 

Ophrys arachnites Hoffm., Francis Rose, The Forge House, East Mailing, Kent. 

Orchis fuchsii Druce, O. elodes Gris., 0. latifolia L. sec. Pugsl. (0. inmrnafa auct. angl.) 
and 0. jmrpiirella Stephenson, Prof. J. W. Heslop Harrison, F.R.S., King’s College, 
Newcastle-oii'Tyne. 

O. purpurea Huds., Francis Rose, The Forge House, East Mailing, Kent. 

Oxalis acetosella Ij., Miss Ethel Bolton, King’s College, Newcastle-on-Tyne. 

Potamogefon coloratus Ilornem., P. jilifarnns Pers. and P. pectinatus L., Prof. J. W. 

Hesloy) Harrison, F.R.S., King’s College, Newcastle-on-Tyne. 

P. grarnineus ]j. and P. rutilus Wolfg., Dr W. A. Clark, King’s College, Newcastle- 
on-Tyne. 

Quercus robur L. and Q, petraca (Mattuschka) Liebl., Dr E. W. Jones, Imjjerial Institute 
of Forestry, Oxford. 

Tfanunculus acpiatM^ agg.. Dr R. W. Butcher, Culford House, Ewe Lamb Lane, 
Bramcote, Notts. 

likynchospora alba (L.) Vahl and li. fusca (L.) Ait, f. Miss E. (’anton, De|)artment of 
Biology, Technical College, Sunderland. 

Rosa sj)]). (excl. R. arvensis, rnicrantha and tomentosa). Prof. J. W. Hesloj) Harrison, 
F.R.S., King's College, Newcastle-on-Tyne, 

Rumcx sp})., J. E. Lousley, 7 Penistone Road, Streatham Common, S.W. IG. 

Scilla non-scripta (L.) Hoffmanns. & Link, Dr G. E. Blackman, Imperial College of 
Science, London, S.W. 7. 

Seduni acre L., Dr B. Barnes, De|)artment of Biology, Chelsea Polytechnic, London, 
S.W. 3. 

Sinapis arimisis L., G. E. Fogg, Department of Botany, University College, Gower St, 

W.C. 1. 

Sonchus aspcr (L.) Hill and S. oleraceus L., emend. Hill, R. A. Lewin, c/o The Botany 
School, Cambridge. 

S. palustris L., Francis Rose, The Forge House, East Mailing, Kent. 

SpirarUkes stricta Nels., Prof. J. W. Heslop Harrison, F.R.S. , King's College, New- 
castle-on-Tyne. 

Stellaria nemorum L., Dr K. Blackburn, King’s College, Newcastle-on-Tyne. 

Subularia aquatica L., Dr N. Woodhead, Department of Botany, Bangor, 
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Suaeda friUicosa (L.) Forsk., and S. maritima (L.) Dum., Prof. V. J. Chapman, c/o 
Botany School, Cambridge. 

Thlaspi alpestre L., Dr K. Blackburn, King’s College, Newcastle-on-Tyne. 

Tilia cordata Mill, and T. plalyphyllos Scop., H. A. Hyde, National Museum of Wales, 
Cardilf. 

Trientalis europaeus L., Prof. J. R. Matthews, University Department of Botany, Old 
Aberdeen. 

Ulmus spp.. Dr R. Melville, The Herbarium, Royal Botanic Gardens, Kew. 

Urtica spp., P. Greig-Smith, Department of Botany, The University, Manchester. 

Vaccinium vitis-idaea L., P. A. Tallentire, 14 Hulme Hall Avenue, Cheadle Hulme, 
Cheshire. 

Valeriana officinalis L. and V. sambuci/olia Mikan, J. Carpenter, Department of Botany, 
King’s College, Strand, W.C. 2. 

Viburnum lantana L. and V. opulus L., Dr H. Godwin, The Botany School, Cambridge. 

Viola lutea Huds. and V. tricolor L., Dr P. E. Fothergill, King’s College, Newcastle-on- 
Tyne. 

WaMenbergia hederacea Reichb., Francis Rose, The Forge House, East Mailing, Kent. 

The assistance of members of the Society will be greatly welcomed by the authors who 
are preparing these accounts. Information should be sent direct to the addresses given 
above. Anyone wishing to write an account singly or in collaboration should communicate 
with one of the members of the Committee or with the Hon. Secretary of the Society. 

Accounts ready for publication should be sent to Dr P. W. Richards, Botany School, 
Cambridge. 
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L.C. (Ed. 11) No. 1377 

Gentiana pneumonanthe L. 

N. W. SiMMONDS* 



10 8 6Lon^itudeWp5l 4 of Grernwirh 2 0 Longitude East 2 of Greenwich 

Fig. 1. Gentiana pneufnoiiaTitJke L. Vice-comital diatribution in the British Islos and 
(inset) distribution in Europe. 


Sect. Pneumonanthe. An erect glabrous perennial, with flowering stems up to about 
18 in. (46 cm.) high, usually unbranched. Lower leaves small bracket-like, upper linear 
or occasionally lanceolate, with reflexed margins. Flowrers all terminal, or terminal and 
axillary, subsessile; calyx with 5 linear-lanceolate teeth; corolla 1™2 in. (25—50 cm.) 

♦ The MS. was left incomplete by Mr Siramonds on his departure for Trinidad. The Editors considered it 
desirable to publish it in its present state. 
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long, deep blue with longitudinal greenish stripes, plicate, lobes 5, acute, green-spotted 
within. Stamens 5, the anthers coherent. Ovary on gynophore, stigmas reflexed. Seeds 
minute, winged. 

Varies in size, habit, number of shoots, shape of leaves, number and colour of flowers. 
Thus Kobinson (1913) observed variation in size and width of leaves on East Winch 
Common, Norfolk; he noted that plants with more than one flower were rare and found 
a white-flowered variety, (i) Size: between 2| and 18 in. (7-45 cm.) high in east Dorset, 
1943; 12 -40 cm. high (average about 28 cm.) in east Norfolk (E. A. Ellis), (ii) Number 
of shoots: usually 1 flowering shoot, frequently with 1 or 2 small vegetative shoots; 2 or 
more flowering shoots are occasionally found. Vegetative shoots may bear undeveloped 
flower buds (east Dorset, 1943). (iii) Habit: normally erect and unbranched, but stems 
more or less branched or decumbent at the base occur (see below and ill), (iv) Leaf 
shape: normally linear, but may be lanceolate or ovate-lanceolate (see below), (v) Number 
of flowers, see Ylll {g); from 1 to 14 flowers per stem in east Dorset, 1943, and 1- 28 
(commonly 5-15) in east Norfolk (E. A. Ellis), but Hegi {FL 5, p. 2001) mentions a plant 
with 82 flowers, (vi) Flower colour: the shade of blue varies somewhat, usually it is deep. 
White flowers have been seen on St Leonard’s Common, Dorset (1943), and are recorded 
from west Norfolk (Robinson, 1913), Surrey (Salmon, 1931, p. 455) and the Continent 
(Hegi, FI. 5, p. 2001); f. albiflora Murr. is perhaps the same as the horticultural 'variety 
alba’. F. roseifiora Zinserling h<as rose-pink flowers such as those recorded by Johnson 
(1927) in Anglesey and by E. A. Ellis in Norfolk; the var. carnea (no authority given) 
mentioned by Rayner (1929, p. 70) from Hampshire is probably the same. The status of 
all these varieties is unknown. 

Continental writers appear to agree in accepting three varieties, none of which has 
hitherto been recorded as British; these are var. latifolia Lee. & Lam., var. minor {depressa 
Boiss., humilior & St. Lag.) and var. diffusa Griseb. The last-named has the stems 
decumbent at the base, many flowered and the foliage leaves broadly ovate-lanceolate; 
plants corresponding more or less with this description have been found on St Leonard’s 
Common, Dorset (certain identification is not at present possible; specimen in Herb. 
Mus. Brit.). There is some evidence that all these 'varieties’ are mere forms (see IV, 
below). 

A lowland species, in the British Isles practically confined to a cliaracteristic type of 
damp, acid heathland in England and Wales; rare, but locally fairly common. 

I. Geographical and altiUidinal distribution. Found in two main blocks of vice-counties, 
in England and Wales, (i) The southern block consists of: 9 (Dorset), 11 and 12 (Hants), 
13 and 14 (Sussex), 15 and 16 (Kent) and 17 (Surrey). Extinct in 21 (Middlesex) and 
22 (Berks). Recorded by Druce (Comit. FL, p. 201) for 8 (Wilts S.), but there is no 
confirmation of this. The record for 24 (Bucks) in Top. Bot. Suppl. 2 is not confirmed 
by Druce in his county flora (1926, p. 229). (ii) The northern block consists of: 27 and 28 
(Norfolk), 44 (Carmarthen), 49 (Caernarvon), 52 (Anglesey), 53 and 64 (Lines), 56 (Notts) 
58 (Cheshire), 59 and 60 (Lancs), 61-66 (Yorks), and 69 (Westmorland). Extinct in 25 
(east Suffolk), 55 (Leicester and Rutland), 67 (Derby) and 70 (Cumberland). In addition 
there is a specimen in the Cambridge University Herbarium (label not in the collector’s 
handwriting) from ‘Llanymynach, Shropshire’ dated 1829; G. pneumonanthe is not 
recorded in the ‘Flora of Shropshire’ (Leighton, 1841) and no other record for the county 
is known. 
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The species is thus present in 25 and extinct in 6 vice-counties. The markedly dis- 
continuous distribution is probably due in part to a lack of suitable habitats in central 
England. This region, broadly, is characterized by basic soils and intensive agriculture, 
neither of which is favourable to the plant. Out of the six vice-counties in which it has 
become extinct, four lie on the margin of the present area of distribution and adjacent 
to the region of central England under consideration. The failure of the species to occur 
farther north and west is perhaps due to climatic limitation and the more mountainous 
nature of the ground. It is a lowland species with, on the whole, a rather ‘Continental’ 
distribution (though it reaches south-west Portugal); lack of suitable habitats may also 
be involved. 

Rare, but locally frequent. Said to be decreasing in many localities and will probably 
be lost to several more vice-counties, if this has not already occurred (see IV). 

Throughout central Europe, northern Spain, Portugal, northern Italy and the Balkans, 
excluding Greece; south-east Norway, southern Sweden, Estonia, Karelia and east to 
the Urals, Siberia and Kamchatka, central and southern Russia to the Caucasus, the 
mountains of central Asia and the Baikal region (details of distribution in central Asia 
not known). To 59° 16' N. in Norway (Blytt, 1906, p. 577) and to about 61° N. by Lake 
Ladoga (Hermann, 1912, p. 373). Southern and w^estern European limit in Portugal at 
about 9° VV. and 38° N. 

A lowland species; to 800 ft. (246 m.) in Westmorland (Wilson, 1938, p. 185) and 
rarely above 3900 ft. (1200 m.) in central Europe (Hegi, FL 5, p. 2001). Distribution in the 
Swiss Alps subalpine-montane, according to Schroeter (PJlanzenlebeii, p. 539), to 1770 ft. 
(540 m.) in Graubiinden (Braun-Blanquet & Riibel, 1933, p. 1108). 

Restricted to rather open habitats, though the young shoots may have to grow up 
through shade. In cultivation sunshine is desirable (T. C. Mansfield). 

II. Halntat, (1) Almost limited in Britain to pne type of damp acid heathland. In 
east Dorset, generally occurs in the transition from heath with a podsol profile to topo- 
genous Sphagnufn bog with a peat soil. The characteristic profile consists of a layer of 
well-humified surface peat overlying sand or sandy peat of variable colour: a pan or 
‘B’ horizon is not present but there is evidence of the occurrence of some leaching. 
Probably controlled by the presence of a relatively high ground-water table, dependent 
on local topography. In east Norfolk, where G, pneurnotianthe is locally common on a 
few peaty heaths, it occurs in two localities approximately on the 100 ft. (33 m.) 
contour at the extreme source of streams rising in shallow depressions (E. A. Ellis). 

(2) Stihstratum. (a) Parent material. Forty-eight localities in the Dorset heathlands 
studied by R. D’O. Good were exclusively on Tertiary deposits. In east Dorset, the parent 
material is generally Bagshot Sands which are mainly sandy beds with some clay and 
pebbles. It has also been seen on Valley Gravel at St Leonard’s Common, Dorset. In 
Norfolk it occurs on Glacial Drift (E. A. Ellis, C. P. Petch). 

(b) Soil profile. Typically consists of up to 9 in. (23 cm.) of dark, well-humified peat, 
rather ‘greasy’ to the touch, overlying sand or sandy clay of variable colour: this peat 
appears to correspond with ‘greasy duff’, ‘greasy mor’ or ‘amorphous peat’ mentioned 
by Clarke (1941, pp. 74 et seq.). The underlying sand may be grey, white or reddish yellow 
and is commonly more or less coarsely mottled: in some cases (see Fig. 2, no. 3), the top 
few inehes are markedly paler in colour than those below; this probably represents the 
initial stages of podsolization, since nearby sections show an unmistakable though slight 
J. EooL 33 20 
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development of a ‘ B ’ horizon. This is in accord with the pH changes found in the profile 
(see {g), below). Robinson (1932, p. 238) states however that there may be some bleaching 
of the surface layers of the mineral soil as a result of the reduction of ferric to ferrous iron 
consequent upon the occurrence of a high and fluctuating water-table. The characteristic 
coarse mottling noted above probably corresponds with the gley. In Norfolk it is found on 
peat over typical podsol profiles (E. A. Ellis). 
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Fig. 2. Five soil profiles from the Dorset heathlands to illustrate the soil types on which Oentiana pneumonarUhe 
grows. Nos. 1 and 3 are from a 'heath between West Moors and Femdown and nos. 2, 4 and 5 from 
St Leonard’s Common. (All figures electrometic.) For discussion, see text. 


Occurs also in a topogenous Sphagnum bog on Creech Heath, Dorset; the profile given 
in Fig. 2, no. 4 clearly represents an approach to such conditions. These two cases, together 
with another profile on St Leonard’s Common in which the pale fibrous peat at the surface 
appears to have originated from old Molinia shoot-bases (Fig. 2, no. 6), are, however, 
somewhat exceptional. Another exceptional soil has been noted at Clapham, Yorks, by 
Dr W. A. Sledge who regards thin peat overlying sand aT 3 typical, much as in Dorset; this 
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is a ‘stiff, impermeable glacial clay’ where the species is accompanied by some equally 
unusual associates (see III, below). 

To take a general view of the soil profile, the absence of the characteristic podsol ‘B’ 
horizon, very well developed on similar substrata nearby in the Dorset heathlands, is 
probably due to soil-water conditions, in particular, the ground-water table. G. j)neu- 
monanthe grows in hollows where a complete gradation may often be observed between 
Callunetum and topogenous Sphagnum bog. Although no details about the water- 
table are available, it is noteworthy that, at least in some stations, our species is liable to 
winter flooding, if only temporarily, e.g. on a heath between West Moors and Ferndown, 
Dorset. The soil is therefore probably a ground-water type controlled by a high water- 
table and owing its existence to local topography. Robinson (1932, p. 238) notes the 
occurrence of local space series from podsol through meadow-soil to peat, developed iu 
hollows in podsol regions. Such series are marked by an increase in thickness in the 
surface humus, the disappearance of the characteristic podsol horizons and the develop- 
ment of a gley layer. It is in the middle of such series that the species grows in Dorset 
and Norfolk (see (1) above). 

More tolerant on the continent than in Britain. Thus Riibel (1930, p. 275) notes that 
it occurs in neutral or slightly basic Molinieta in north-east Switzerland, while Braiin- 
Blanquet & Riibel (1933, 2, p. 1108) state that it is characteristic of Molinieta on clayey 
lime-rich soils on the Rhine alluvia of Graubiinden. But for the most part it seems to 
occur on acid, often peaty soils. 

With regard to requirements under cultivation, T. C. Mansfield says: ‘It should be 
cultivated on sandy, peaty soils where the lime content is as low as possible.’ 

(g) pK, All measurements are acid. See Fig. 2, no. 1, determined electrometrically by 
H. P aver who also determined two surface peat samples from St Leonard’s Common as 
4*20 and 4*54. Many other Dorset readings by the capillator method all gave acid values. 
It will be seen from Fig, 2, no. 1, that there occurs a decrease in pH towards the surface; 
this is to be expected if there has been some leaching of the surface layers (see (6)). In 
two Norfolk localities the (colorimetric) at 0 - 12 cm. varied from 5*0 to 6*0 ( J . Lambert). 

(h) ~(k) The results of Pearsall’s modified ammonium thiocyanate test (with and 
without addition of hydrogen peroxide) on samples from two east Norfolk localities 
indicated that the soils were oxidizing; the diphenylamine test agreed with this, showing 
that all the samples were nitrifying (J. Lambert). 

(3) (a) Light intensity. In Dorset often in rather open habitats, but young shoots may 
have to groAv up through bushes of Erim tetralix. Restricted to open habitats in Norfolk 
(E. A. Ellis). 

(b) Humidity. Often grows in hollows in which mist and fog collect and which may 
contain permanently saturated soil, so at least tolerates high humidity. 

(c) Exposure to wind. No information about tolerance. 

III. Communities, Rather constantly associated with Erica tetrahx and the non- 
tussocky form of Molinia caeruJea. Typically found in a community consistjing of bushes 
of Erica with Molinia scattered over the intervening more or less bare peat surface. 
Most commonly found between the bushes, but sometimes occurs under them, the stems 
either growing right through or coming out laterally from a decumbent base. Some kind 
of cyclical relationship between the Erica and the Molinia has been suggested, but this 
has not been investigated. Fig. 3 is a typical metre quadrat on a heath between West 

20*2 
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Moors and Ferndown, Dorset (June 1944). It appears that plants of Oentiana pneu- 
monanthe become included in confluent tussocks of Erica, though the majority of them 
lie on the intervening peat. 

Calluna vulgaris (as low sparse shoots, not as bushes), Sphagnum spp. (in small dense 
tufts), Drosera spp. (also on bare peat), Narthecium, ossifragum, Carex panicea, Eleocharis 
muUicaulis and Scirpus caespitosus (the last two not distinguished in the field) are all 
characteristic associates in Dorset. 

A number of lists of associates from Dorset and Norfolk are given in Table 1. Localities 
1, 4, 5, 6 and 7 are all fairly typical for Dorset. No. 3 is interesting in containing Salix 



Fig. 3. Quadrat (1 sq.m.) to show the distribution of stems of GerUiana pneumonanthe (G) and Drosera rotundi- 
folia (D) in a typical community consisting of tussocks of Erica tetrcUix with Molinia caerulea (plain) on 
an exposed peat surface with scattered shoots of Molinia and Erica (stippled). (Heath between West 
Moors and Ferndown, Dorset, 20 June 1944.) 

repens and JJlex minor, both .normally found in drier habitats than those in which 
Gentiana pneumonanthe occurs ; there are no soil data for this locality. In nos. 8 and 9 
the very local Erica ciliaris partly or entirely replaces,^, tetralix. No. 9 is a list from the 
bog community alluded to in the section of soils (II (2) above). No. 2 includes some 
adventive species which arrived after St Leonard’s Common had been ploughed up for 
forestry purposes. List no. 10 is taken from Good (1936, p. 374); the species included are 
presumably not all immediate associates of Gentiana pneumonanthe. 

In Lincolnshire G. pneumonanthe is found, according to Woodruffe-Peacock (MS. in 
Botany School, Cambridge), in the ^ Erica tetraUx band of saturation’. Robinson (1902, 
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p. 139) noted that on Skipwith Common, Yorks, ‘a profusion of Gentiana 'pneumonanthe^ 
was intermingled with Calluna, Dr W. A. Sledge regards moist lowland heath dominated 
by Ericaceae as the typical habitat in Yorkshire, but states that near Clapham it occurs 
‘on stiff impermeable glacial clay with grasses, Nardus, Molinia, and Deschampsia 
Jlexuosa and SpJiagnum epp/ 

Found in a wider range of communities on the Continent than in Britain. Occurs on 
Flachmoore in Cariceta, Trichophoreta and especially in Molinieta, where it is charac- 
teristic but inconstant (Hegi, FI. 5 , 2001). In Switzerland found in Molinieta (Schroeter, 
Pflanzenlehen, p. 539) ; characteristic but inconstant in Molinieta in north-east Switzerland 
(Riibel, 1930, p. 275) and associated there with Selinurn carvifolia, Sanguisorba ojficinalis 
and Serratula tinctoria. Occurs in meadow land Enzianwiese') in Prussia (Hegi, FI. 5 , 
2001) and in the Carpathian foothills, where it is associated with Rhinmithus spp. 
(A. Srodon). 

IV. Response to biotic factors. Persisted on St Leonard’s Common, Dorset, for at least 
three years after ploughing for forestry purposes: this consists in the cutting of shallow 
trenches, rectangular in section, about 1 ft. wide, 1 ft. apart and 6 in. deep. The turf 
removed is thrown to one side and overturned. Gentiana pneutnonanthe may persist on 
the strips left undisturbed between the trenches, if not covered by the turf thrown out, 
and in one case was seen to have grown through the bottom of the overturned sod in which 
it was growing before being ploughed up. It will presumably be lost to this heath in time. 

In one of its east Norfolk localities it has extended its range considerably in the last 
ten years in spite of frequent heath fires and in another, though subject to horse-grazing 
and rabbit-nibbling, it does not appear to have suffered (E. A. Ellis). 

Drainage, afforestation and picking are probably all important in bringing about the 
increasing rarity of this species. 

Withstands cutting for hay in the meadows of the Carpathians, according to A. Srodon 
(see III, above). 

Rather commonly seen in Dorset on ground which appears to have been disturbed, 
e.g. in shallow, rectangular depressions of unknown origin. Noticed by H. F. Reynolds 
on Morden heath, Dorset, on ground which had been disturbed by tank exercises during 
the 1914 18 war. 

Two plants were found in 1943 growing through the spoil from a deep forestry drainage 
trench dug in 1942, the buds being situated at a depth of 3-4 in. instead of the usual 1 in. 
or less. One plant had 3 stems with axillary branching, numerous flowers, and very broad 
leaves: this corresponds with the variety diffusa Grisebach. The other had 1 stem with 
slight axillary branching, 14 flowers and the lower leaves markedly broader than usual. 
This is at least an approach to the same variety, which may thus be a mere form induced 
by the deep burial of the buds. 

V. (a) Gregariousness. Solitary or few plants together or may be locally frequent in 
a suitable habitat, often of very limited extent. In Norfolk grows singly or in small 
groups, reaching a density of 30 plants per square metre (E. A. Ellis). 

(b) Performance in various habitats. No information. 

(c) Effect of frosty droughty etc. No information. 

VI. Morphology y etc. See Fig. 4E. A short vertical or inclined monopodiuin, up to 
IJ in. (3-6 cm.) long, scarred and bearing buds and scale-leaves at the apex. A few thick, 
whitish, almost unbranched roots are developed adventitiously from the monopodium. 



Table 1. Species associated with Gentiana pneumonanthe L. in vatious localities 


S 

o 

p 


e 

0) 

§ 




CQ 

9 


*0 

a 

',=i 


o 

0 

1 




't 




g<l 

0 Q -s « rt ^ 

a ssfliS 

^i|:a 

1 file's 

i 

S&XOOQ^ 
cT^^oo o 


i^'g 
§ 

. Ph P 

a d 
oj H g 

s|-§ I 

<D .9 

• 




S > 3 e 

.V is 




v-l — 

§ 6 S 

.a « a 


I I I r I I I I j I I 


ViiiiiiiiiiVii'Ti'^i 


I 1 


01 1 1 

2 V I I 

O 

i: V 1 I 

o 

2 ' I 

2 t; 1 1 

O 

^ * I I 

I— ( '♦H ' ' 


I— t o ^ 


1 

3 


2 

o 

p 


e 


T3 
d 
i ea 

lg 


- « ^ 
^a|i5£^ i=' 

eeO^oSJ-3 

2 a .1 '-> I o -2 

|.a^TI-^'i 

•o a § a'^'Sl^ 

2 —‘I S 

S i . 

gT3(S'o^ £ JP 

S d 4; OJ ^ 

.a H 2 '^2 ■- a I 

ci-'d g Sf ^ 

o g o III o 

^^ojOoj.SOd 01 

d., ,-r® 


P 

P 

d 


r- 

cc 


>> ^ fl S ±2 

'S 2:* s i:;" I ^ 

Vm ^ 4> S 0> » 

°s|l|pi 

SP_§ 5 t ^ -I d 

•g-fa-gal^l I 

S 'M d -d ^ 


I?; 

.MMMpqfflMWW gj 

a § s e 2i32iS;S;SssS3 T. 

il^qfi§mi11l| i 

6 9 d . . ° 

rrtgpddtPoooooooOcnE 
2 d^WPO o ooo o o oo d*^ 


2 gi 


£ 


P ® S 

liH 


2 4- I I 


os + I I 


00 + 1 I I 


t- + I I 


® + I I 1 


i« + I I I 


I I I I I I I 


I I I I I I I 


I I I I I 


I I I I I 


I I I I I 


I I I I I I 


Y V 
6 6 " 


^+111111 


1 1 

1 1 1 

1 1 

1 1 1 1 1 

0) 

1 1 1 1 

1 1 1 1 i 1 

1 1 

1 1 1 

1 « 

1 1 vh* 1 1 1 

1 1 1 d 

1 1 1 1 1 1 < 

c.d. 

o.-r. 

o.-r. 

1 1 

1 1 1 1 1 1 

* 

1 V 1 V 

0 d 

1 1 ed 1 d 1 

V 1 

d 

1 1 1 

1 1 

1 1 1 f < > 

d 

1^11 

1 1 e3 1 1 1 

d 1 

1 1 1 

1 1 

1 1 1 1 1 1 

1 d 1 1 

1 1 1 1 1 

d 1 

1 1 1 

1 1 

1 1 1 1 i 1 

1 d 1 1 

1 1 1 1 1 

0 

1 1 

1 1 1 

1 1 

1 1 1 1 1 1 

1 1 1 1 

1 1 1 1 1 
0 

d 1 

1 1 1 

1 V 

d 

o.-r. 

a. 

o.-r. 

o.-r. 

1 1 1 1 

d d 

1 1 1 1 1 1 
d d 

ai I 

u 1 1 

1 1 

1 1 1 1 1 

doll 

1 1 '13 d 1 1 

+ 1 

1 4- 1 

1 1 

III1I4- 

4" -f 4- 1 

1 1 + + 1 1 

d 1 

1 1 1 

1 1 

1 1 1 1 1 1 

4* 4' 1 1 

1 (««d 1 I 1 

4- 1 

1 1 1 

1 1 

1 1 1 1 1 1 

++ 

4 4- 4- 1 

1 -t 1 1 1 1 

1 1 

1 1 1 

1 1 

1 1 1 1 1 1 

++ 

1+41 

1 1 + 1 1 1 

+ i 

1 4“ 1 

1 1 

1 1 1 1 1 1 

++ 

1 + + 1 

1 1+41 1 

+ 1 

1 + 1 

1 1 

1 i 1 1 1 1 

+ + 1 1 

11 + 111 

i ' 

d 

1 1 1 

1 1 

1 1 1 i 1 1 

1 1 1 1 

1 1 ai 1 1 

1 4-' 

1 1 1 1 

1 1 

1 1 1 1 1 1 

-H- 

+ 1 + 1 

1 1 + 1 1 

1 4- 

1 1 1 1 

1 4- 1 

1 1 1 1 1 1 

1 1 1 1 

111 + 11 

1 1 

1 1 1 1 

1 1 

1 1 1 1 1 1 

1 4 ; 1 1 

1 1 1 ce 1 1 





"olcus lanatus 


I I 


I 1 


I I 


I I 


1 I 


I 1 


I I 


I I 


I I 


I I 


I I 


till 


I -f I 1 


« « I I w I I I I I I 


I I I I I I I I I I 


ce 1 1^-5 1 I I I Vm Vm I 


« I I 


I I 
o 


H H I 


^ ^ I 


I I I I I I I 

d 


I I I I I I 


ed I I I I. I I 

d 


<111111 

o 


<111111 


I 4h I i 1 


I k: I I I I 


I I I I -f- I I 


I I I I I I I 


I I I I I I I 


I I I I I I I 


■f 1 I I I I I 


I I I I I I 


I I I I i f h 


I I I I I I I 


I I I + I I I 


< I I i I I I I I I I I I I I I I I I I < I I I I I I I I I I I I 


I I I I 


I I I I 


I I + I I 


I i + I I + 


+ I 'f I I + 


I t + I I I 


I I f i I 


I I + I I I 


I I + I I I 


f tM* I I 1 i I < i ) 


I d « 












'd 

1 1 1 

1 

1 1 1 1 1 

1 1 od 

1 1 

1 1 

1 1 1 1 1 1 1 1 1 

d 

1 1 

1 d 

1 d 

1 «« 1 

1 

1 1 1 1 1 

1 1 < 

1 1 

1 1 

1 1 1 1 1 1 1 1 

1 1 

1 (44 





d 



1 1 1 1 1 1 1 d 1 



1 1 

1 'd 1 

1 

1 1 1 1 1 

1 1 1 

1 1 

1 1 

1 1 

1 1 





d 
















1 oe 

1 1 1 

1 

1 1 1 1 1 

1 1 Vm 

1 1 

1 1 

1 1 1 1 1 1 1 1 I 

1 ^ 

1 1 








d 



1 

1 1 1 

1 

t 1 1 1 1 

Im 

1 1 ‘r 

1 1 

1 1 

1 1 1 1 1 1 d 1 1 

1 1 

1 1 

a 




d 


* 




1 'd 

1 1 1 

1 

1 1 1 1 1 

1 1 1 

1 1 

i ' 

1 1 1 I 1 1 1 1 1 

1 14.; 

1 1 

o 






d 





1 1 1 

u 

1 

1 1 1 

1 1. PS 

' d 

C 

1 1 

\ 1 d 1 d 'i' 


1 (+ 



d 

d 

o 


d 

d d 

d 


1 c8 

1 1 1 

1 

1 1 1 1 

1 1 d 

d 1 

1 1 

1 1 I 1 1 1 

1 1 

1 1 

1 + 

+ i + 

1 

+ + + 1 1 

+ 1 + 

+ 1 

1 1 

1 1 1 ++ 1 1 1 1 

1 1 

1 1 

1 1 

1 1 

1 

1 1 1 1 1 

1 1 + 

1 1 

1 1 

1 1 1 1 1 1 1 1 1 

1 1 

1 1 


I I I I 


till 


I I I 


I + I I 1 I I I 


I I 1 + 1 I I I 


I I ) 1 ) ^ (44 I I C I I I 


I I I I I I 


I I I I I I 


I I 1 I I I 


I I I I I I 


1 I I + I 


I I I I I I 


I I I I I I 


III II 


I lid 


I III 


II I I cd 


II 11 + 


II 11 + 


II + 1 + 


11 III 


+ 1 I I + 


II III 


II I d'^‘ 



WWW WWW' 


W W i-i hi I-; w t3 w w w j w W S W w w o o PM PM (i< pH CM pH fr. PM A, d, <y tf w w w X tB M H H P w p 


Marginal. f Seedlings. J May have been confused with Scirpus caespitosus in the field. 



304 Gentiana pneumonanthe L. 

Four plants in Dorset, 1943, bore 6, 4, 3 and 3 roots respectively but up to 10 have been 
seen in herbarium material. In one of the Dorset plants the lowermost root was 8 in. 
(20 cm.) long and grew downwards: the other three were 7, 7 and 6 in. (18, 18 and 15 cm.) 
and spread laterally at about 1-3 in. (2*5-8 cm.) below the soil surface. This is fairly 
typical. 

In all mature plants seen, one root with a more or less vertical growth was present 
at the base of the monopodium and probably represented a seedling root. This is commonly 
seen in herbarium specimens. The roots of young plants (Fig. 4D) are more branched and 
probably not all persistent. 

(c) Mycorrhiza. Stahl (1900, p. 586) found a fungus in the roots of Gentiana 'pneu- 
monanthe growing in the Rhine valley near Strasbourg. An endophytic fungus was present 
in the roots of a plant from St Leonard’s Common, Dorset (1944). 

{d) Perennation. The aerial stems die right back in the winter and the shoots of the 
following year spring up from buds situated at the apex of the subterranean monopodium 
and subtended by scale-leaves. Classed by Raunkiaer (1934, p. 54) as rosette hemicrypto- 
phyte since, though not a rosette plant, the foliage leaves are not concerned in perennation. 
The monopod ial axis bears scale-leaves only and he notes it as the only example of this 
type in the Danish flora. The buds are whitish and up to | in. long: 1-3 have been seen 
on plants in east Dorset, 1943. Their bases lie at 1 in. or less below the soil surface so 
that there may be an approach towards a geopliytic habit in this species. The specimens 
of ‘var. diffusa' (IV, above) were truly geophytic. 

(e) Vegetative reproduction. Not known. 

(/) Longevity. About 13 scars have been counted on one large monopodium: since two 
or three shoots may be produced in one year, this probably indicates an age of rather less 
than thirteen years. Longevity in cultivation about 5 years (T. C. Mansfield). 

{g) Age at first fiowering. Not until the third year at least. In cultivation, flowers in 
its second year (T. C. Mansfield). 

{h) Frequency of seed production. Every year, so far as is known. 

(i) Ecotypes. No information. 

{j) Chromoso'me number . 2/^ = 26 (Scheerer, 1939). 

VII. Phenology, {a) Time of maximum root-growth not known. 

(6) Shoots first appeared in mid April 1944, in Dorset. 

(c) Time of flowering, August-September. The earliest available record (quoted by 
Nicholson, 1914, p. 114) is 2 July in Norfolk. Begins to flower in Norfolk in first week of 
July and reaches its maximum in early to mid- August (E. A. Ellis). Later in the north than 
in the south (Watson, 1932). 

(d) Time of maturation and shedding of seeds. First ripe fruits seen in Dorset on 
23 September 1943. Some still remained unshed in July, 1944. 

(e) Time and place of germination. Spring and early summer. Seen on bare peat 
(cf. habitat of mature plant) and on a mat of Gymnocolea inflata overlying bare peat. 

VIII. (a) Mode of poUincUion. Flowers protandrous, nectar secreted at the base of the 
ovary. Mature styles reflexed, thus exposing the stigmatic surfaces to insect visitors, 
typically humble-bees. Cross fertilization thus normally occurs though self-pollination is 
possible through adherence of pollen to the plicae of the corolla when the flower closes, 
and subsequent elongation of the corolla so that these plicae are brought into contact 
with the reflexed stigmas (Knuth, Poll. 3, pp. 10i~2). 
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(b) Insect visitors. Typically a humble-bee flower. Insect visitors observed in east 
Norfolk include large numbers of Meligethes viridescens F. (Coleoptera), taking both nectar 
and pollen; a species of thrips was also abundant in the flowers in one locality and a larval 
neuropteron was seen in a flower in another (E. A. Ellis). Stenophilia graphodactyla Treits. 
has been recorded as locally abundant on the flowers in Dorset (Meyrick, Lepidopt. p. 454). 

(c) Chistogamy. Graebner (1893, original not seen, quoted by Uphof, 1938) reports 
a case of cleistogamy in Gentiana pneurnonanthe. 

(d) Apomixis. Unrecorded. 

(e) Vivipary. Unrecorded. 

(/) Hybrids. No natural hybrids recorded (the only member of the section Prieu- 
monanthe in Britain). A garden hybrid with Gentiana lagodechiana (Kusn.) Grossh. 
ex Moller is recorded by Musgrave (1941), but no details are available. 

(g) Amount of seed, (i) Per fruit — 5 capsules from St Leonard’s Common, Dorset, 
contained respectively 357, 815, 463, 530 and 691 seeds, giving a mean of 571. Salisbury 
{Rep. Cap. p. 116) gives the figures 433, 405, 491, with a mean of 443. One large capsule 


Table 2. Flower production in Gentiana pneurnonanthe L . : numbers of plants 
bearing various numbers of flowers {or capsules) 

No. of flowers or capsules 
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from a Norfolk locality contained 815 seeds (E. A. Ellis), (ii) Capsides per plant — The 
data given in Table 2 were obtained from two localities on a heath between West Moors 
and Ferndown, Dorset, and from Cranbourne Common, Dorset; the data of Salisbury 
are also given. There are considerable differences between the populations in respect of 
seed production; thus the Dorset figures give a mean per plant of 770, while those of 
Salisbury give a mean of 1188 seeds, despite the lower number of seeds per capsule — this 
is evidently due to the relatively large number of plants with numerous flowers in his 
material. He says, ‘ the very striking fluctuations in number of inflorescences of Gentiana 
pneurnonanthe in different seasons may represent a fluctuation of population and not 
merely of flowering specimens ’ ; there is no further information on this point. 

(h) Dispersal. Presumably wind-dispersed. Four samples of 50 seeds each weighed 
2-3, 2-2, 2-2 and 2*1 mg., a mean of 0-044 mg. per seed; Salisbury {Rep. Cap. p. 112) 
gives 0-025 mg. 

(i) Viability. Out of many hundreds of seeds used in germination experiments, only 
8 germinated. Easily grown from seed in gardens (T. C. Mansfield). 

{j) Conditions for germination. See (i). In the writer’s experiments only those seeds 
which had been subjected to freezing for one week germinated. 

(k) Morphology of seedlings. See Fig. 4. 

IX. Parasites, diseases. A specimen in the Babington Herbarium in the Cambridge 
University Botany School from the Ashdown Forest is infested with Cuscuta epilhymum. 
No fungal parasites have been recorded. Seed-eating larvae of a Tortricid moth, Endo- 
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thenia gentiana Hb. (Argyroploce gentianana Hb.) were frequent in the capsules in a 
Norfolk locality; these have been recorded from the seedheads of Dipsacus and on the 
Continent from Gentiana acaulis, G. germanica, Dipsacus and Plantago media (E. A. Ellis). 

X. History. A native of Britain, decreasing generally and has become extinct in many 
localities (see I). 

XI. Cultivated for its ornamental flowers. 
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BRITISH ECOLOGICAL SOCIETY 
CHECK LIST OF BRITISH VASCULAR PLANTS 
Foreword 

The purpose of this Check List is not to provide an authoritative statement on the content 
and taxonomy of the British flora, but to secure uniformity of nomenclature in contribu- 
tions to the Biological Flora. Contributors will be asked always to use the names appearing 
in the List unless they can give adequate reasons for doing otherwise. This will obviate the 
necessity for citing the authorities for names, since it will be understocKi that the authorities 
are those cited in the Check List. Thus Salvia verbenaca will be understood as referring to 
S. verbenaca L. sec. Pugsl., and not to S, horminoides Pourr. {S. verbenaca auct., non L.), 
since only the former application of the name is recommended in the List. 

The criterion for inclusion of a name in the List is that it is believed to be the best 
binary name for a taxonomic unit which is at least frequently regarded as having ‘ specific ’ 
rank. It should not be inferred that contributors are bound to recognize a!l included units 
as full species. In order to emphasize this point it has been felt useful to set in from the 
margin names of units whose claim to specific rank is not generally conceded. Contributors 
may treat such units as subspecies or varieties if they so choose (citing authorities for the 
names used), but if binary names are used they must be those given in the List. In many 
instances binary names are also provided for aggregate species (e.g. Thalictrum minus 
agg., Alchemilla vulgaris agg.), and contributors are invited to use these names when more 
critical determination has been either impossible or unnecessary. It is most important that 
when a binary is thus used in an inclusive sense the abbreviation agg. rnust follow the name. 

Binary names for known or presumed hybrids have for the most part been excluded, 
both because there is so often uncertainty as to their application and l>ecause the principles 
underlying the nomenclature of hybrids and hybrid swarms are so badly in need of re- 
consideration. Exceptions have been made, however, of the numerous putative hybrids in 
the genus Potamogeton, and of certain hybrid grasses. 

r The names recommended are as far as possible in accordance with the International 
Rules of Botanical Nomenclature. The authorities for names are cited in conventionally 
abbreviated forms. When names have been proposed but not published by one author and 
subsequently published and ascribed to him by another author, the name of the publishing 
author alone has been appended. Thus Spergularia bocconi (Scheele) Foucaud ex Merino is 
cited simply as S, bocconi (Scheele) Merino. When, on the other hand, the description has 
been supplied by one author though published in the work of another author, only the 
describing author’s name is cited. Thus Oenothera lamarkiana Seringe in DC. is cited as 
0. lamarkiana Ser. Except in Potamogeton no attempt has been made to supply a full 
synonymy. Familiar synonyms are placed in brackets after the recommended names, but 
are included merely for information and must not be regarded as alternatives to the 
recommended names. 

Long-established names are retained, even when known to be invalid, in certain instances 
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where there is still doubt as to the correct name under the Rules. Thus Torilts anthriscus 
(L.) Gmel. is an illegitimate combination for the plant commonly known by that name, but 
it is not yet certain that it should be replaced by T.japonica (Houtt.) DC., and its con- 
tinued use is therefore recommended. 

Names preceded by a dagger (f) also appear to need revision for nomenclatural or 
taxonomic reasons, but must be used until investigations have been completed. 

Besides undoubted British natives the List includes naturalized aliens and some 
commonly encountered casuals. The intention has been to mark all such species with an 
asterisk, but it must be repeated that the List should not be regarded as expressing a 
deeply considered and authoritative opinion either on the claims of species for inclusion or 
on the status of certain border-line cases. 

The sequence of species, genera and families is usually that of the London Catalogue, as 
a matter of convenience and because it is not intended that the List should impose any 
taxonomic system or concepts. It has, nevertheless, seemed desirable to depart from past 
British usage in the delimitation of certain families and genera, and to follow instead 
established Continental practice or recent monographers. 

Lists of British Rubi and Hieracia (kindly provided by Mr Wm. Watson and Mr H. W. 
Pugsley respectively) have been added as appendices to the main List. Since both these 
lists have been based largely on unpublished work and include many new names, it has 
seemed desirable to print them in a different way from the rest of the List, naming the 
subgeneric divisions recognized by their compilers. The list of Rubi includes also a fuller 
synonymy and references to figures. It is felt very strongly that the treatment of these 
two difficult genera needs careful reconsideration in the interests of the student of 
vegetation. Binary names should be restricted to more broadly defined aggregates than at 
present, and adequate keys should enable the worker to press his identification beyond 
Rubus fruticosus agg. or Hieracium sp. to a point which gives him and his readers some 
clearer idea of the nature of the plants encountered, but which does not demand the hope- 
less search for identity with one of the hundreds of described 'species’. Our imperfect 
knowledge of the status of the entities included in the two^ genera does not make this an 
easy task at present, but it is clearly something to be aimed at in the near future, and 
something that may in time be achieved by the co-operation of taxonomists with ecolo- 
gists, geneticists and cytologists. 

It is fully realized that this Check List could have been greatly improved had much 
more time been expended on its preparation. Bibliographical research, severely restricted 
during the war, will soon become more easily possible; and further observations and experi- 
ments might readily clarify a number of obscurities and lead to a more consistent treatment 
j of many comparatively neglected genera. But there would always be much more left to be 
done, and meanwhile there is urgent need for a List. There seems, therefore, a strong case 
for the immediate publication of one which summarizes information already available and 
which may be kept up to date by periodic revision. 

* The List could not have been prepared without the collaboration of many specialists, 
whose help is now most gratefully acknowledged. Besides Dr N. V. Polunin, Dr W. B. 
Turrill and Mr A. J. Wilmott (Advisory Taxonomists to the Biological Flora), special 
mention must be made of Mr J. P. M. Brenan, Mr J. E. Dandy, Mr H. W. Pugsley and 
Mr T. G. Tutin, who have given their time unsparingly in supplying invaluable information 
and expert advice. Thanks are also due to the following for help with the groups specified : 
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Mr R. W. Butcher (Thalictrum and Ranunculus), Mr J. E. Dandy (Alismataceae, Hydro- 
charitaceae, Butomaceae, Scheuchzeriaceae, Aponogetonaceae, Zosteraceae, Najadaceae), 
Mr J. E. Dandy and Dr G. Taylor (Polamogeton and Ruppia), Prof. J. Heslop Harrison 
(Rosa, Salix, Orchis), Dr W. 0. Howarth (Festuca), Mr C. E. Hubbard (Gramineae), Dr R. 
Melville (Ulrnus), Mr E. Nelmes (Carex), Mr H. W. Pugsley (Fumaria, Euphrasia, Hier- 
acium), Dr P. W. Richards (Juncaceae), Mr V. S. Summerhayes (Orchidaceae), Dr E. F. 
Warburg (Gentiana, Sorhus), and Mr W. Watson (Rubus). It should be added that these 
specialists cannot be held responsible for all views implied in the form and content of parts 
of the List which have been drawn up with their help. 

1 May 1946. 
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RANUNCULACEAE 

Clematis L. 

C. vitalba L. 

Thalictrum L. 

T. alpinum L. 

T. minus agg. 

T. arenarium Butcher (T. dunense auct. angl.) 

T. babingtonii Butcher 
T. montanum Wallr. 

T. coUinum Wallr. (T. flexuoflum auct. angl.) 

T. capillare Rchb. (T. kochii auct. angl.) 

T. majus Crantz 
T. umbrosum Butcher 

T. oxpansum Jord. (T. pubescens auct. angl.) 

T. flavum L. 

Anemone L. 

A. pulsatilla L. 

A. nemorosa L. 

*A. ranunculoides L. 

♦A. ai>ennina L. 

Adonis L. 

♦A. annua L. (A. autumnalis L.) 

Myosurus L. 

M. minimus L. 

Ranunculus L. 

R. circinatus Sibth. 

R. liuitans Lam. 

R. trichophyllus Chaix (R. divaricatus Schrank) 

R. drouetii F. Schultz (? R. paucistamineus 
Tausch) 

R. heterophyllus Weber 
R. radians Revel 

R. peltatus Schrank (incl. R. floribundus Bab. and 
R. penicillatus Bab.) 

R. pseudofluitans Baker & Foggitt 
R. sphaerospermus Boiss. & Blanche 
R. baudotii Godr. 

R. tripartitus DC. 

R. lutarius (Revel) Bouvet (R. intermedius auct. 
angl.) 

R. lenormandi F. Schultz 
R. hederaceuB L. 

R. sceleratus L. 


R. ophioglossifolius Vill. 

R. hammula L. 

R. scoticus E. S. Marshall 
R. reptans L. 

R. lingua L. 

R. auricomus L. 

R. acris L. 

R. repens L. 

R. bulbosus li. 

R. sardous Crantz (R. hirsutus Curt.) 

R. parvifiorus L. 

R. arvensis L. 

R. flabellatus Desf. 

R. ticaria L. 

Caltka L. 

C. palustris L. 

C. radicans T. F. Forst. 

Trollius L. 

T. europaeus L. 

Helleborus L. 

H. viridis L. 

H. foetidus L. 

Eranthis Salisb. 

*E. hyemalis (L.) Salisb. 

AquUegia L. 

A. vulgaris L. 

♦A. pyrenaica DC. (A. alpina auct. angl.) 

Nigella L. 

♦N. damascena L. 

Delphinium L. 

♦D. gayanura Wilmott (D. ajacis auct. angl.) 
'*‘D. consolida L. 

Aconitum L. 

A. anglicum Stapf (A. napellus auct. angl.) 

Actam L. 

A. spicata L. 

Paeonia L. 

*P. corallina Retz. (P. mascula Deaf., non Mill.) 
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BERBERIDACEAE 


Berberis L, 

B. vulgaris L. 

Mahonia Nutt. 

*M. aquifolium (Pursh) Nutt. (Berboris aquifolium 
Pursh) 

Epimedium L. 

♦E. alpinum L. 

NYMPHAEACEAE 

Nuphar 8m. 

N. lutoa (L.) Sm. 

N. pumila (Timm) DC. 

Nymphaea L. 

N. alba L. 

N. oociden tails (Ostenf.) Moss 

PAPAVERACEAE 

PajHiver L. 

’•'P. somniferum L. 

P, rhoeas L. 

P. dubium L. 

P. lecoqii Laniotte 
P. argemone L. 

P. hybridum L. 

Meconopsis Vig. 

M. carabrica (L.) Vig. 

Glauciurn Mill. 

G. flavum Crantz (G. luteum Scop.) 

Roemeria Medic. 

♦R. hybrida (L.) DC. 

Chelidoniuin L. 

*C. Inajus L. 

FUMARIACEAE 

Corydalis Medic. 

*C. lutoa (L.) DC. 

♦C. bulbosa (L.) DC. (C. solida (L.) Sw.) 

C. claviculata (L.) DC. 

Fumaria L. 

F. occidentalis Pugsl. 

F. capreolata L. 

F. purpurea Pugsl. 

F. bastardii Bor. 

F. martinii Clavaud 
F. muralis agg. 

F. muralis Koch 
F. neglecta (Pugsl.) Pugsl. 

F. boraei Jord. 

F. micrantha Lag. 

F. officinalis L. 

F. vaillantii Lois. 

F. parviflora Lam. 

CRUCIFERAE 

Matihiola R.Br. 

M. sinuata (L.) R.Br. 

M. incana (L.) R.Br. 

Cheiranthus L. 

♦C, cheiri L. 

Nasturtium R.Br. 

N. officinale R.Br. 

N. uniseriatum Howard and Manton 


Rorippa Scop. 

R. sylvestris (L.) Besser (Nasturtium sylvestre (L.) 
R.Br.) 

R. islandica (Oeder) Borbas (Nasturtium palustre 
(Leyss.) DC.) 

R. amphibia (L.) Besser (Nasturtium amphibiurn 
(L.) R.Br.) 

♦R. austriaca (Crantz) Besser 

Barbarea B.Ehrh. 

B. vulgaris R.Br. 

B. arcuata (Presl) Rchb. 

B. stricta Andrz. 

♦B. intermedia Bor. 

♦B. verna (Mill.) Aschors. (B. praecox (Sm.) ILBr.) 

Arabis L. 

A. alpina L. 

A. petraea (L.) Lam. 

A. stricta Huds. (A. scabra All.) 

A. brownii Jord. (A. hibernica Wilmott, A. cilia ta 
auct.) 

A. hirsuta (L.) Scop. 

*A. turrita L. 

*A. caucasica Willd. (A. albida Stev.) 

Turritis L. 

T. glabra J^. (Arabis glabra (L.) Bernh.) 

Cardamim L. 

C. amara L. 

C. pratensis L. 

C. hirsuta L. 

C. flexuosa With. 

C. impaticns L. 

♦C. trifolia L. 

Dentaria L. 

D. bulbifera L. (Cardamine bulbifera (L.) Crantz) 
Alyssum L. 

*A. alyssoides (L.) L. (A. calycinum L.) 

Lobularia Desv. 

*L. maritima (L.) Desv. (Alyssum maritimum (L.) 
Lam.) 

Berteroa DC. 

♦B. incana (L.) DC. (Alyssum incanum L.) 

Draba L. 

D. muralis L. 

D. incana L. 

D. rupestris R.Br. 

D. aizoides L. 

Erophila DC. 

E. verna (L.) Che vail. (Draba vema L.) 

E. spathulata Lang (E. boerhavii (Van Hall) 
Dum., inch E. inflata (Hook, f.) Wats.). 

E. praecox (Stev.) DC. 

Cochlearia L. 

C. officinalis L. 

C. alpina Wats. 

C. micacea E. S. Marshall (C. arctica auct.) 

C. danica L. 

C. scotica Druce (C. groenlandica auct.) 

C. anglica L. 

Armoracia Gilib. 

♦A. lapathifolia Gilib. (Cochlearia armoracia L.) 
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Malcolmia R.Br. 

*M. maritima (L.) R.Br. 

Hesperia L. 

♦H. matronalis L. 

Arabidopsis Heynh. 

A. thaliana (L.) Hoynh, (Sisymbrium thalianum 
(L.) Gay) 

Sisymbrium L. 

S. officinale (L.) Scop. 

*S. altissimum L. (S. pannonicum Jacq.) 

♦S. orientale L. (S. columnae Jacq.) 

*S. irio L. 

*S. strictissimum L. 

Descurainia Webb & Berth. 

D. Sophia (L.) Prantl (Sisymbrium sophia L.) 

Alliaria B. Ehrh. 

A. petiolata (Bieb.) Cavara & Grande (Sisymbrium 
alliaria (L.) Scop , A. officinalis Bieb.) 

Erysimum L. 

E. cheiranthoides L. 

Conringia Adans. 

♦C. orientalis (L.) Dum. (Erysimum orientale (L.) 

R.Br., non Mill., E. perfoliatum Crantz) 

Camelina Crantz 
*C. sativa (L.) Crantz 
♦C. sylvestris Wallr. 

Subidaria L. 

S. aquatica L. 

Brassica L. 

B. oleracea L. 

♦B. napus L. (inch B. napobrassica Mill.) 

♦B. campestris L. (in cl. B. rapa L.) 

B. nigra (L.) Koch 

BrassiceUa Fourr. 

B. monensis (L.) O. E. Schulz 

B. erucastrum (L.) O. E. Schulz (B. cheiranthos 
(Vill.) Pugsl.) 

B. wrightii O. E. Schulz 

Hirschfeldia Moench 

H. incana (L.) Lagr^ze-Fossat (Brassica adpressa 
Boiss.) 

Siuapis L. 

S. arvensis L. (Brassica arvensis (L.) Kuntze, non L.) 
♦S. alba L. (Brassica alba (L.) Boiss., non Gilib.) 

Erucastrum (DC.) C. Presl 
*E. gallicum (Willd.) O. E. Schulz 

Diplotaxis IKJ. 

D. tenuifolia (L.) D(X 
D. muralis (L.) DC. 

*D. erucoides (L.) DC. 

CapseUa Medic. 

C. bursa-pastoris (L.) Medio. 

Coronopue Boehm. 

C. squamatus (Forsk.) Aschers. (C. procumbens 
Gilib., Senebiera ooronopus (L.) Poir.) 

♦C. didymus (L.) Sm. (Senebiera didyma (L.) Pers.) 


Lepidium L. 

L. latifolium L. 

♦L. ruderale L. 

♦L. graminifolium L. 

*L. neglectum Thell. 

•L. sativum L. 

L. campestre (L.) R.Br. 

L. smithii Hook. (L. heterophyllum yar. canesoens 
Gren. & Godr.) 

Cardaria Desv. 

*C. draba (L.) Desv. (I.<opidium draba L.) 

Thlaspi L. 

♦T. arvense L. 

T. perfoliatum L. 

T. alpestre L. 

T. calaminare Lej. & Court. (T. virens Jord.) 

Iberis L. 

I. amara L. 

Teesdalia R.Br. 

T. nudicaulis (L.) R.Br. 

T. coronopifolia (Berg.) Thell. (T. lepidium DC.) 
Homungia Rchb. 

H. petraea (L.) Rchb. (Hutchinsia petraea (L.) 
R.Br.) 

Isatis L. 

♦I. tinctoria L. 

Bunias L. 

♦B. erucago L. 

♦B. orientalis L. 

Crambe L. 

C. maritima L. 

Cakile Mill. 

C. maritima Scop. 

Rapistrum Crantz 
*R. perenne (L.) All. 

♦R. rugosum (L.) All. 

Raphamts L. 

R. raphanistrum L. 

R. maritimuB Sm. 

RESEDACEAE 

Reseda L. 

♦R. alba L. 

R. lutea L. 

*R. stricta Pers. 

R. luteola L. 

♦R. phyteuma L. 

CISTACEAE 

Helianthemum Mill. 

H. guttatum (L.) Mill. 

H. canum (L.) Baumg. 

fH. nummularium (L.) Mill. (H. ohamaecistus Mill., 
H. vulgare Gaertn.) 

tH, poUfolium Mill. (?H. apenninum (L.) Mill.) 
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VIOLACEAE 

Viola L. 

V. odorata L. 

V. hirta L. 

V. calcarea (Bab.) Greg. 

V. palustris L. 

tv. juressi K. Wein (V. epipsila auct. angl., non 
Ledeb.) 

V. reichenbachiana Bor. (V. wylvestris auct.) 

V. riviniana Rchb. 

V. riipestris Schmidt 
V. canina L. 
fV. montana auct., ?L. 
lactea Sm. 

V. Rtagnina Kit. (?V. persicifolia Roth) 

V. arvensis agg. 

V. agrcstis Jord. 

V. flogetalis Jord. 

V. obtusifolia Jord. 

V. latifolia Drabble 
V. ru rails Bor. 

V. deseglisei Bor. 

V. anglica Drabble 
V. arvatica Jord. 
derelicta Jord. 

V. tricolor agg. 

V. contcrapta Jord. 

\ . variata Jord. 

V. cantiana Drabble 
monti(;ola Jord. 

fV. alpestris (DC.) Jord , non Hcgc'tschw.; noni. 
il logit. 

lejeunii Jord, 

V. Iloydii lior. 

V. orcadeiisis Drabble 
V. lepida .lord, 

V. lutoa Hiuls. 

V’. curtisii E. Forst. 

V. pcsnoaui Lloyd 
nana (DC.) (Jorbiere 

I’OLVGALACEAE 

Poly gala 1.,. 

V. vulgaris L. 

P. oxypt-era Rchb. (P, dubia Hellynok) 

P. serpyllifolia Hose (P. serpyllacea Wcihe) 

P. calcarca F. Schultz 
P amara L. (P. amarella Crantz) 

P. austriaca Crantz 

FRANKENIACEAE 

Frankenia 1 >. 

F. laovis L. 

CAR YOPH VLLA( JCAE 

Dianthus L. 

D. arrneria L. 

D. deltoides L. 

D. gratianopolitanus Vill. (D. caesius Siu., D, 
glauciis auct.) 

*D. gallicuH Pere. 

*D. plumarius L. 

♦D. caryophyllus L. 

Kohlrauschia Kunth 

K. prolifera (L.) Kunth (Dianthus prolifer L., 
Tunica prolifera (L.) Scop.) 

Saponuria L. 

*8. officinalis L. 

J. Ecol. 33 


Silene L. 

S. cucubalus Wibel (8. inflata Sm.) 
fS. angustifolia (Ten.) Guss., non Poir. 

8. maritima (Hornern.) With. 

8. conica L. 

*S. conoidea L. 

8. gallica agg. 

8. gallica L. 

8. anglica L. 

8. quinquevulnera L. 

8. acaulis (L.) Jacq. 

8. otites (L.) Wibel 

8. nutans L. (inch 8. dubia Rohrb ) 

*8. italica (L.) Pers. ^ 

Cucubalus L. 

*C. baccifer L. 

Melandriurn Roehl. 

M. noctiflorum (L.) Fr. (Silene noctiflora L.) 

M. album (Mill.) Garcke (Lychnis alba Mill.) 

M. dioicum (L.) Coss. & Germ. (Lychnis dioica L., 

L. diurna Sibth.) 

Lychnis L. 

L. flo.s-cuculi L. 

Viscxiria Bornh. 

V. vulgari.s Bernh. (l^ychnis viscaria L.) 

V. alpina (L.) Don (Lychnis alpina J^.) 

Agroslsmma L. 

A. githago L. (Lychnis githago (L.) Scop.) 

IJolosteurn L. 

H. umlx>llatum L. 

Ccrastiiun L. 

C, totrandrum Curt. 

C. subtetrandrum (Ixinge) Murb. 

C. pumilum Curt. 

C. .semidecandrum L. 

C. viscosum L. (C. glomeratum Thuill.) 

C. vulgatum L. ((^. triviale Link) 

C. alpinum L. 

C. edmondstonii (Edmondst.) Murb. k Ostcnf. (C. 

arcticum auct.) 

C. arvense L. 

C. cerastoides (L.) Britton (C. trigynum Vill.) 

J/ oc nch ia E h rh . 

M. erecta (L.) Gaertn., Mey. and Schcrb. 

Myosoion Moench 

M. aquaticum (L.) Moench (Stellaria aquatica (L.) 
Scop., Malachium aquaticum (L.) Fr.) 

Stellaria L. 

S. nemorum L. 

8. media (L.) Vill. 

S. apetala lU'ria (inch S. pallida (Dum.) Pire and 
S. boraeana Jord.) 

8. neglecta W’eiho (8. umbrosa auct.) 

8. elisabcthae F. Schultz 
8. holostea 1... 

8. palustris Retz. (inch S. dilleniana Moench and 
8. glauca With.) 

8. graminea L. 

8. alsine Grimm (8. uliginosa Murr.) 
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Artnaria L. 

A. verna L. 

A. rubella (Wahlenb.) Sm. 

A. uliginosa Schlecht. (Minuartia stricta (Sw.)Hiern) 
A. tenuifolia L. 

A. trinervia L. 

A. serpyllifolia L. 

A. leptoclados (Rchb.) Guss. 

A. ciliata L. 

A. gotliica Fr. 

A. norvegica Gunn. 

A. peploidos L. (Honckenya peploides (L.) Ehrb.) 
A. sedoides (L.) F. J. Hanb. (Cherleria sedoides L.) 

Sagirm L. 

S. maritima Sm. 

S. ape tala Ard. 

S. ciliata Fr. (incl. S. routeri Boisa.) 

S. blicaulia Jord. 

S. procumbens L. 

8. boydii F.B. White 

S. saginoides (L.) Karst. (S. linnei C. Prosl) 

8. scotica (Druce) Druco 

8. intermedia Fenzl (8. caespitosa auct.. angl. S. 
nivalis Fr.) 

8. subulata (Sw.) C. Presl 
8. nodosa (L.) Fenzl 

Spergula L. 

8. arvensis L. (8. vulgaris Boenn.) 

8. sativa Boenn. 

Spergidaria J. & C. Presl 
8. rubra (L.) J. & C. Presl 

8. bocconi (Seheele) Merino (S. athenierisis Aschers., 
8. campostris Willk., non Aschers.) 

8. salina J. & C. Presl 

8. rnarginata (DC.) Kittel (S. media auct.) 

8. rupicola Lebel (8. rupestris l^bel, non Oambess.) 

Polycarpon L. 

P. tetraphyllum (L.) L. 


POKTULACACFAE 

Claytonia L. 

*0. alsinoides Sims 
*C. perfoliata Willd. 

Montia L. 

M. verna Neck. (M. chondrosperma Fenzl) 

M. rivularis C. C. Gmel. 

M. fontana L. (incJ. M. larnprosperma Cham.) 


TAMARICACEAE 

Tamar ix L. 

♦T. gallica L. 


ELATINACEAE ' 

Elatine L. 

E. hexandra (Lapierre) DC. 

E. hydropiper L. 

HYPERICACEAE 

Hypericum L. 

H. androsaemum L. 

*H. hircinum L. 

*11. elatum Ait. 

*H. calycinum L. 

H. perforatum L. 


H. dubium Leers (H. quadrangulum auct.) 
H. quadrangulum L. (H. tetrapterum Fr.) 
H. undulatum Willd. 

H. humifusum L. 

H. linarifolium Vahl 
H. pulchrum L. 

H. hirsutum L. 

H. montanum L. 

H. ©lodes L. 


MALVACEAE 

Althaea L. 

A. officinalis L. 

*A. hirsuta L. 

Lavatera L. 

L. arborea L. 

*L. eretica L. (L. sylvestris Brot.) 

Malva 1 a. 

M. moschata L. 

M. sylvestris L. 

M. neglecta Wallr. (M. rotundifolia auct..) 
*M. rotundifoha L. (M. pusilla Sm.) 

*M. parviflora L. 


TILIACEAE 

Tilia 1.. 

T. platyphyllos Scop. 

*T. vulgaris Hayne ?of hybrid origin 
T. cordata Mill. 


LIN ACE AE 

RadioUi Hill 

R. linoides Roth 

Linurn L. 

L. catharticum L. 

L. anglieum Mill. (L. perenne auct. angl.) 
L. bienne Mill. (L. angustifolium Huds.) 

GERANIACEAE 

Geranium L. 

G. sanguineum L. 

*G. versicolor L. (G. striatum L.) 

*G. nodosum L. 

*G. phaeum L. 

G, sylvaticum 1^. 

G. pratense L. 

♦G. ondressi Gay 
G. pyrenaicum Burrn. f. 

G. molle L. 

G. pusillum L. 

G. rotundifolium L. 

G. dissectum L. 

G. columbinurn L. 

G. luciduni L. 

G. robertianum L. 

G. purpureurn Vill. 

Erodium L’H6rit. 

E. cieutarium agg. 

E. cieutarium (L.) Ait. 

E. triviale Jord. 

E. pimpinellifolium (Cav.) Sibth. 

E. baUii Jord. 

E. lebelii Jord. 

E. neglectum Baker f. & Salmon 
E. glutinosum Dum. 

E. moschatum (L.) Ait. 

E. maritimum (L.) Ait. 
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OXALIDACEAE 

Oxalia L. 

0. acetosella L. 

*0. coriiiculata L. 

*0. stricta L. 

BALSAM IN ACE AE 

Impaliena L. 

1. noli-tangere L. 

*1. capensis Meerburgh (I. biflora Walt., 1. fulva 
Nutt.) 

*1. parviflora DC. 

♦J. glandulifera Royle (I. roylei Walp.) 

AQUIFOLIACEAE 

Hex L. 

1. aquifolium L. 

CELASTRACEAE 

E uonymm L. 

E. europaeus L. 

RHAMNACEAE 

Hhamnus L. 

R. eathartica L. 

Frangula Mill. 

E. alnus Mill. (Rhaninus frangula L.) 

ACERACEAK 

Acer L. 

*A. jiseudo-platanus L. 

A. cainpestre L. 

*A. platanoides L. 

HIPPOCASTANAC EAE 

Aeaculua 

‘‘‘A. bippo-eastanuiu L. 

LEGUMINOSAE 

Lupinua L. 

*L. nootkatensis Sims 
^L. arboreus Sims 

Laburnum Medic. 

*L. anagyroides Medic. (Cytisua laburnum L.) 

^reniata L. 

G. anglioa L. 

G. pilosa li. 

G. tinctoria L. 

V lex L. 

IL europaeus L. 

U. gallii Planch. 

U. minor Roth (Li. nanus Forst.) 

Sarothamnus Wimmor 

S. scopariiis (L.) Koch (Cytisus scoparius (L.) Link) 

Ononia L. 

O. repens L. 

O. spinosa L. 

O. reclinata L. , 

TrigomUa L. 

T. ornithopodioides (L.) DC. 


Medicago L. 

*M. sativa L. 

X M. varia Marty n (incl. M. sylvestris Fr.) 

M. falcata L. 

M. lupulina L. 

M. hispida Gaertn. 

M. denticulata Willd. 

*M. apiculata Willd. 

^M. lappacea Desr. 

M. arabica (L.) Huds. (M. maculata Sibth.) 

M. minima (L.) Bartal. 

Melilotiis Mill. 

M. altissima Thuill. 

*M. alba Medic. 

*M. officinalis (L.) Lara. (M. arvensis Wallr.) 

♦M. indiea (L.) All. 

Trifolium li. 

T. subterraneum L. 

T. pra tense L. 

T. iuedium 
T. oehroleucon Huds. 

T. squamosum L. (T. maritiimim Huds.) 

*T. incaiiiatum L. 

T. molincrii Balb. 

*T. s ted latum L. 

T. arvense L. 

T. bocconi Savi 
T. striatum L. 

T. sea brum L. 

T. gloiiRTatum L. 

T. sulTocatum L. 

T. strict um L. 

*T. hybridum L. 

T. repens L. 

T. fragif’erum L. 

’*'T. resupinatum L. 

’•'T. agrarium L. 

T. campestre Schreb. (T. procumbens auct.) 

T. dubium Sibth. 

T. filiforme L. 

Anthyllis L. 

A. vulneraria L. (incl. A. dillcnii Schult. (A. rubra 
Goiian) and A. maritima Schweigg.) 

Lotus L. 

L. corniculatus L. 

L. tenuis Willd. 

L. uliginosus Schkuhr (L. major auct.) 

L. angustissimiis L. 

L. hispid us DC. 

Tetragonolobus Scop. 

*T. .siIiquos\is (L.) Roth 

(ialega L. 

♦G. officinalis L. 

Robinia L. 

*R. pseudo-acacia L. 

Astragalus L. 

A. alpinus L. 

A. danicus Retz. 

A. glycyphyllos L. 

*A. boeticus L. 

Oxytropis DC. 

O. halleri Bunge (O. sericea (Lam.) Simonk., 

O. uralensis auct.) 

O. campestris (L.) DC. 
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Coronilla L. 

*C. varia L. 

Ornithopus L. 

O. perpusillus L. 

Artrolobium Besv. 

A. pinnatum (Mill.) Britten & Rendle (Ornithopus 
ebracteatus Brot.) 

Hippocrepis L. 

H. comosa L. 

Onobrychis Mill. 

O. viciifolia Scop. (O. sativa Lam.) 

Vida L. 

V. hirsuta (L.) S. F. Gray 
V. tetrasperma (L.) Schreb. 

V. tenuissirna (Bieb.) Schinz & Thell. (V. gracilis 
Lois.) 

V. cracca L. 

V. orobus DC. 

V. sylvatica L. 

V. sepiiim L. 

V. lutea L. 

*V. hybrida L. 

^V. sativa L. 

V. angustifolia L. 

V. lathyroid(is L. 

V. bithynica (L.) L. 

Lathyrus L. 

L. aphaca L. 

L. iiissolia L. 

’•‘L. hirsutus L. 

L. pratensis L. 

L. tuberosus L. 

L. sylvestris L. 

L. palustris L. 

L. japonicus Willd. (incl. L. inaritimus Bigel.) 

L. montanus Bernh. 

L. niger (L.) Bernh. 


R08ACEAE 

Primus L. 

P. spinosa L. 

P. insititia L. 

*P. domestica L. 

’^P. cerasifera Ehrh. 

P. avium L. 

P. cerasus L. 

P. padus L. 

*P. laurocerasus L. 

Spiraea L. 

*S. salicifolia L. 

Filipendulu B. Ehrh. 

F. ulmaria (L.) Maxim. (Spiraea ulmaria L.) 

F. hexapctala Gilib, (Spiraea filipendula L.) 

Ruhus L. 

See list provided by Mr Wm. Watson on p. 337. 

Dryas L. 

D. octopetala L. 

Geum L. 

G. urbanum L. 

G. rivale L. 


Fragaria L. 

F. vesca L. 

*F. moschata Duchesne (F. elatior Ehrh.) 

*F. chiloensis Duchesne 

Potentilla L. 

*P. norvegica L. 

P. sterilis (L.) Garcke (P. fragariastrum Ehrh.) 

P. verna L. 

P. crantzii (Crantz) Beck (P. maculata Pourr., non 
Gilib., P. alpestris Hall, f.) 

P. erecta (L.) Rftusch (P. tormentilla Neck.) 

P. procumbens Sibth. 

P. reptans L. 

P. anserina L. 

P. rupestris L. 

P. argentea L. 

*P. recta L. 

P. fruticosa L. 

Comarum L. 

C. palustre L. (Potentilla palustris (L.) Scop.) 
Sihbaldia L. 

S. procumbens L. (Potentilla sibbaldi Hall, f.) 

Alcheniilla L. 

A. arvensis (L.) Scop. 

A. vulgaris L., sp. agg. 

A. minor Huds.) (A. hybrida Mill., A. pubescens 
auct., ?Lam.) 

A. xanthochlora Rothm. (A. pratcrrsis auct., 
? Schmidt) 

A. curtiloba Buser 

A. vestita (Buser) Raunk. (A. anglica Rothm.; 

A. pseudominor Wilmott, A. minor auct.) 

A. lilicaulis Buser 

A. pastoralis Buser (?A. monticola Opiz) 

A. subcrenata Buser 
A. tenuis Buser 

A. glabra Neygenfind (A. alpestris auct., 

? Schmidt) 

A. acutidens Buser 
A. glornerulans Buser 
A. reniformis Buser 
A. connivens Buser 
A. firma Buser 
A. salmoniana Jaquet 
A. colorata Buser 
A. coriacea Buser 
A. crinita Buser 

A. conjuncta Bab. (A. argentea Don, non Lam.) 

A. alpina L. 

Agrimonia L. 

A. eupatoria L. 

A. odorata (Gouan) Mill. 

*A. agrimonoides L. 

Acaena L. 

*A. anserinifolia (J. R. & G. Forst.) Druce (A. san- 
guisorbae Vahl) 

Poterium L. 

P. sanguisorba L. 

*P. polygamum Waldst. & Kit. 

Sanguisbrba L. 

S. officinalis L. 
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Rosa L. 

R. arvensis Hude. 

R. Btyloaa Desv. agg. 

R. spinosissima L. (incl. R. pimpinellifolia L. and 
R. rubella 8m.) 

R. canina L. agg. 

R. dumetonim Thiiill. agg. 

R. afzeliana Fr. agg. (? R.dumalis Bechst., R.glauca 
Vill., non Pourr.) 

R. caesia 8m. agg. (R. coriifolia Fr.) 

R. obtusifolia Desv. agg. (R. tomentella Leman) 

R. viJlosa L. agg. (incl. R. pornifera Herrn. and 
R. mollis 8ra.) 

R. shorardi Davies agg. (incl. R. omissa Desegl. and 
R. hurstiana Harrison) 

R. tomentosa 8m. agg. 

R. rubiginosa L. agg. 

R. micrantha Sm. agg. 

R. elliptica Tausch agg. 

R. agrestis Savi agg. 

Sorbus L. 

*8. domestica L. 

8. aucuparia L. 

8. intermedia agg. 

t8. fennica Hedl. et auct. angl., non Fr. 

8. arranensis Hcdl. 

8. ley ana VVilmott 
8. minima (Ley) Hedl. 

*8. intermedia (Ehrh.) Pers. (8. scandica Fr.) 

8. anglica Hcdl. 

S. aria agg. 

8. aria (I^.) Crantz 
8. rupicola (8yme) Hedl. 

8. porrigens Hedl. 

S. latifolia agg, 

8. latifolia (liam.) Pers. 

8. bristoliensis Wilmott 
8. vagensis VSdlmott 
8. subcuneata Wilmott 
8. torminalis (L.) Crantz 

Pyrus L. 

*P. comnmnis L. 

P. cord at a Desv. 

Mains Mill. 

M. pumila Mill. (Cyrus mains L., p.p.) 

Mespilus L. 

•^M. germanica L. 

Crataegus L. 

C. oxyacanthoides Thuill. (C. oxyacantha auet.) 

C. monogyna Jacq, 

Cotoneaster B. Khrh. 

C. intogerrima Medic. 

*C. inicrophylla Lindl. 

♦C. simonsii Baker 


8AXIFRAGACEAE 

Saxifraga L. 

8. oppositifolia L. 

8. nivalis L. 

8. stellaris L. 

8. geum L. (8. hirsuta auct., non L.) ? of hybrid origin 
8. hirsuta L. (8. geum auct., non L.) ? of hybrid origin 
8. umbrosa L. 

8. spathularis Brot. (8. umbrosa auct., non L.) 

8. lactiflora Pugsl. (8. geum auct., non L.) 

8. hirculus L. 


8. aizoides L. 

8. tridactylites L. 

8. rivularis L. 

8. cernua L. 

8. granulata L. 

8. eespitosa agg. 

8. eespitosa L. (incl. 8. groenlandica L.) 

8. incur vifolia D. Don 
8. stern bergii Willd. 

8. rosacea Moeneh (8. decipiena Ehrh., 8. pal- 
mata 8m.) 

8. sponhemica C. C. Grnel. 

8. hirta Sm. (8. hibernica Haw.> 

8. platypetala 8m. 

8. drucei E. 8. Marshall 
8. affinis 1). Don 
8. laetovirens D. Don 
8. elongella 8m., non Haw. 

8. hypnoides agg. 

8. hypnoides L. 

8. angustifolia Haw. 

t8. spathula-ta Haw., non Desf. : nom. iJlcgit. 

8. viscosa Haw. 

8. recurva Schlcich. 

8. leptophylla D. Don (?8. leptophylla Pers.; if 
not, nom. illegit.) 

Chrysosph ni u L. 

C. oppositi folium L. 

C. alternifolium L. 

PARNASSIACEAE 

Parnassia L. 

P. palustris L. 

GHOSSI'LARIACEAE 

Ribes L. 

’*‘R. uv'a-crispa L. (incl. R. grossnlaria L.) 

R.. alpinum L. 

R. r 11 brum agg. 

♦R. ruhrum L. (R. vulgare Sclineider, R. domes- 
ticum Janez.) 

R. spicatiim Robs. (R. ])etraeum Sm., non Wiilf.) 
R. nigrum L. 

CRAS8ULACEAE 

rniaea L. 

T. muscosa L. 

T. aquatica L. 

Vm bil ic us DC . 

U. pendulinus D(^. (Cotyledon umbilicus- veneris L.) 

Sedum L. 

8. rosea (L.) Scop. 

8. telephium L. (8. purpureurn Link) 

8. fabaria Koch 
♦8. dasyphyllum L. 

8. anglicum Huds. 

♦8. album L. 

♦8. micranthum IKL 
8. acre L. 

’•'8. sexangulare L. 

8. rupestre L. 

8. forsterianuMi 8m. 

*8. reflexum L. 

8. villosum L. 

Sempervimim- L. 

♦S. tectorum L. 
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DEOSERACEAE 

Drosera L. 

D. rotundifolia L. 

D. anglica Huds. 

D. longifolia L. (D. intermedia Drev. & Hayne) 

HALORAGACEAP] 

Hippuris L. 

H. vulgaris L. 

MyriophyUum L. 

M. verticillatum L. 

M. spicatum L. 

M. altemiflorum DC. 

CALLITRIOHACEAE 

CaUiiriche L. 

C. palustris L. (C. vema L., C. vernalis Koch) 

C. stagnalis Scop. 

C. polymorpha Loennr. 

C. intermedia Hoffm. (C. hamulata Koch) 

C. pedunculata DC. 

C. obtusangula Le Gall. 

C. autumnalis L. 

C. truncata Guss. 

LYTHRACEAE 

PepUs L. 

P. portula L. 

Lythrum L. 

L. salicaria L, 

L. hyssopifolia L. 

ONAGRACEAE 
Chamaenerion Adans. 

C. angustifolium (L.) Scop. (Kpilobium augusti- 
folium L.) 

Epilohium L. 

E. hirsutum L. 

p]. parviflorum Schreb. 
p]. montanum L. 

E. lanceolatum Seb. & Maur. 

E. roseum Schreb. 

♦E. adenocaulon Hausskn. 

E. tetragonum L. 

E. obscurum Schreb. 

E. lamyi F. Schultz 
E. palustre L. 

E. alsinifohura Vill. 

E. alpinum L. (E. anagallidifolium Lam.) 

*E. nummularifolium A. Cunn. 

*E. pedunculare A. Cunn. 

Ludmigia L. 

L. palustris (L.) Elliott 

Oenothera L. 

*0. biennis L. 

*0. ammophila P'^ocke 
*0. lamarkiana Ser. 

♦O. stricta Ledeb. (O. odorata Jacq.) 

Fwchsia L. 

*F. magellanica Lam. 

Circaea L. 

C. lutetiana I., 

C. intermedia Ehrh. 

C. alpina L. 


CUCURBITACEAE 

Bryonia L. 

B. dioica Jacq. 

AIZOACEAE 
Carpobrohis N.E. Br. 

♦C. edulis (L.) N.P]. Br. (Mesembryanthemum 

eduJe L.) 

UMBELLIFERAE 

Hydrocotyle L. 

H. vulgaris L. 

Eryngium L. 

PI maritimiim L. 

E. campestre L. 

Aatrantia L. 

♦A. major L. 

Sanicida L. 

8. europaea L. 

Danaa All. 

13. cornubiensis (L.) Burnat (Physospermum cornu- 
biensc (L.) DC.) 

(Jonium L. 

C. macu latum 1^. 

Sniyrniurn L. 

♦S. olusatrum L. 

Bupleurnm L. 

*B. fruticosum L. 

B. rotundifolium L. 

B. opacum (Ces.) Lange (B. aristatum auct.) 

B. tenuissimum L. 

B. falcatum L. 

Trinia Hoffm. 

T. glauca (L.) Dum. 

Apium L. 

A. graveolens L. 

A. nodiflorum (L.) l..ag. 

A. repens (Jacq.) I>ag. 

A. inundatum (L.) Rchb. f. 

A. moorei (Syrne) Dnice ? of hybrid origin 

Cicuta L. 

C. virosa L. 

Ammi L. 

♦A. majiis L. 

Carum L. 

C. verticillatum (L.) Koch 
♦C. carvi L. 

Petroselinum Hill 

♦P. crispum (Mill.) Nym. (P. sativum Hoffm., Carum 
petroselinum (L.) Benth.) 

P. segetum (L.) Koch (Carum segetum (L.) Hook, f.) 

Bunium L. 

B. bulbocastanum L. (Carum bulbocastanum (L.) 
Koch) 

Siaon L. 

S. amomum L. 
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Falcaria Host 
*F. vulgaris Bernh. 

Slum L. 

S. latifolium L. 

S. erectum Huds. (S. angustifolium L.) 

Aegopodium L. 

*A. podagraria L. 

Pimpinella L. 

P. saxifraga L. 

P. major (L.) Huds. (P. magna L.) 

Conx)podium Koch 

C. majus (Gouan) Lor. &, Barr. (C. denudatum 
Koch) 

Myrrhis Mill. 

M. odorata (L.) Scop. 

ChaerophyUum L. 

C. temulura L. 

*C. aureum L. 

Scandix L. 

S. pccten-veneris L. 

Anthriscus Pors. 

A. scandicina (Weber) Mansf. (A. vulgaris Pers., 
non Bernh. ; A. scandix (Scop. ) Aschers., non Bieb. ) 
A. eylvestris (L.) Hoffm. 

*A, cerefolium (L.) Hoflfm. 


Peiicedanum L. 

P. officinale L. 

P. palustre (L.) Moonch 
*P. ostruthium (L.) Koch 

Pasliruica L. 

P. sativa L. (Peiicedanura sativum (L.) Hook, f.) 

Heracleum L. 

H. sphondylium L. 

*H. mantegazzianum Somra. & Lev. (H. giganteum 
Host, non Fisch.) 

Tordylium L. 

*T. maximum L. 

Coriandrum L. 

*C. sativum L. 

Daucus L. 

D. carota L. 

I), gingidium L. (D. gummifcr auct., non AIL, D. 
maritimus With., non Lam.) 

Caucaiis L. 

*0. latifolia L. 

*0. daucoides J^. 

Torilis Adans. 

T. arvensis (Huds.) Link (T. infesta (L.) Spreng.) 
tT. anthriscus (L.) C. C. Gmel. (nom. illegit.; ?T. jap- 
onica (Houtt.) IXJ.) 

T. nodosa (L.) Gaertn. 


Stseli L. 

S. libanotis (L.) Koch 

Foenicxdum Mill. 

F. vulgare Mill. 

Crithmum L. 

C. maritimum L. 

Oenanthe L. 

O. fistulosa L. 

O. pimpinelloides L. 

O. silaifolia Bieb. 

O. lachenalii C. C. Grnol. 

O. crocata L. 

O. aquatica (L.) Poir. (Phellandrium aquaticura L.) 
O. huviatilis (Bab.) Coleman 

Aethum L. 

A. cynapium L. 

Silaurn Mill. 

S. silaus(L.)Schinz & Thell.(Silau8 Ha vescens Bernh., 
S. pratensis Bess.) 

Meum MiU. 

M. athamanticum Jacq. 

Ligusiicum L. 

L. scoticum L. 

Selinum L. 

S. carvifolia (L.) L. 

Angelica L. (inol. Archangelica Hoffm.) 

A. sylvestris L. 

*A. archangelica L. (Archangelica officinalis Hoffm.) 


Hedera L. 

H. helix L. 


AKA LI ACE AE 


COKNACEAE 

Conius L. 

C. suecica L. 

C. sanguinea L. 


ADOXACEAE 


Adoxa L. 

A. raoschatellina L. 


CAPRIFOLIACEAE 

Satnbvcus L. 

S. nigra L. 

*S. ebulus L. 

*S. racemosa L. 

Viburmirn L. 

V^. opulus L. 

V. lantana L. 

Sytnphoricarpos Duham. 

♦8. albus (L.) 8. F. Blake (8. racemosus Michx.) 

Linnaea L. 

L. borealis L. 

Lonicera L. 

♦L. caprifolium L. 

L. periclymenum L. 

L. xylosteum L. 
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Rubia L. 

R. peregrina L. 


RUBIACEAE 


Galium L. 

G. boreale L. 

G. cruciata (L.) Scop. 

G. verum L. 

G. erectum Huds. 

G. mollugo L. 

G. saxatile L. (G. hercynicum Weig.) 

G. pumilum Miirr. (G. sylvestre Poll., G. pusilluni 
auct.) 

G. palustre L. 

G. witheringii Sm. 

G. debile Gesv. 

G. uliginosum L. 

G. anglicum Huds. 

*G. spurium L. 

♦G. vaillantii DC. 

G. aparine L. 

G. tricorne Stokes 


Aaperula L. 

A. odorata L. 

♦A. taurina L. 

A. cynanchica L. 
*A. arvensis L. 


Sherardia L. 

S. arvensis L. 


VALERIANACEAE 

Valeriana L. 

V. dioica L. 

V. officinalis L. (incl. V. sarabucifolia' Mikan) 
♦V. pyrenaica L. 

Centranthus DC. 

*C. ruber (L.) DC. 

Vahrianella Mill. 

V. locusta L. (V. olitoria (L.) Poll.) 

*V. eriocarpa Desv. 

V. carinata Lois. 

V. rimosa Bast. (V. auricula DC.) 

V. dentata (L.) Poll. 


*S. lanceolata L. 

*S. canadensis L. 

*S. serotina Ait., ?non Retz. 

Beilis h. 

B. perennis L. 

Aster L. 

*A. salignus Willd. 

*A. laraarckianus Nees (A. paniculatus I^m., non 
Mill.) 

*A. longifolius Lam. 

*A. novi-belgii L. 

*A. macrophyllus L. 

’•'A. laevis L. 

A. tripolium L. 

A. linosyris (L.) Bernb. 

Erigeron L. 

*E. canadensis L. 

*E. inucronatus IX'. 

E. acris L. 

E. borealis (V'ierh.) Simmons (E. alpinus auct. angl.) 

E. uniflorus L. 

Filago L. 

F. germanica (L.) L. 

F. apiculata G. E. Sm. 

F. spathulata J. & C. Presi 

F. minima (Sm.) Pers. 

*F. gallica L. 

Anlennaria Gaertn. 

A. dioica (L.) Gaertn. 

A. hyperborea 1). Don 

Anaphalis DC. 

*A. margaritacea (L.) Benth. 

Gnaphalium L. 

G. uliginosum L. 

*G. undulatum L. 

G. luteo-album L. 

G. sylvaticum L. 

G. norvegicum Gunn. 

G. supinum L. 


DIPSACACEAE 

Dipsacus L. 

D. fullonum L. (D. sylvestris Huds.) 

D. pilosus L. 

Knautia L. 

K. arvensis (L.) Coult. 

Succisa Moench 

S. pratensis Moench (Scabiosa succisa L.) 

Scabiosa L. 

S. columbaria L. 

*S. atropurpurea L. (incl. S. maritima L.) 
COMPOSITAE 

Eupaiorium L. 

E. cannabinum L. 

Solidago L. 

S. virgaurea L. 

S. cambrica Huds. 

S. angustifolia Mill. 


Inula L. 

♦I. helenium L. 

1. conyza D(^ (I. squarrosa (L.) Bernh., non L.) 
I. salicina L. 

*1. britannica L. 

I. crithmoides L. 

*1. viscosa (L.) Ait. 

Pulicaria Gaertn. 

P. dysenterica (L.) Bernh. 

P. vulgaris Gaertn. 

Ambrosia L, 

*A. artemisiifolia L. 

Xanthium L. 

♦X. spinosum L. 

Rudbeckia L. 

♦R. laciniata L. 

Bidena L. 

B. cemua L. 

B. tripartita L. 
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Galinsoga Ruiz & Pav. 

♦G. parviflora Oav. 

*G. quadriradiata Ruiz & Pav. 

Achillea L. 

A. millefolium L. 

A. ptarmica L. 

Santolirm L. 

♦8. chamaecyparissus L. 

Giant h/us Hoffmgg. & Link 

O. maritimuH (L.)Hotfmgg. & Link (Diotis maritima 
(L.) 8m.) 

Anthemis L. 

♦A. tinctoria L. 

A. cotula L. 

A. arvensis L, 

A. nobilis L. 

Chrysanthemum L. 

C. segetum L. 

C. leucanthemura L. 

*C. parthenium (L.) Bernh. 

Matricaria L. 

M. maritima L. 

M. inodora L. 

M. chamomilla L. 

♦M. matricarioid€*8 (JLa'hs.) Porter (M. discoidea DC , 
M, Huaveolens (Pursh) Buchen., non L.) 

Cotula 1... 

*C. coronopifolia L. 

7'anacetum L. 

T. vulgare L. 

Artemisia L. 

A. absinthium L. 

A. vulgariH L. 

A. campestris L. 

A. maritima L. 

*A. stelleriana Bess. 

Tussilago L. 

T. farfara L. 

Pefasites Mill. 

♦P. fragrans (V ill.) C. Presl 

P. hybridus (L.) Gaertn., Mey. & Scherb. (P. ovatiis 
Hill, P, officinalis Moencb) 

*P. albus (L.) Gaertn. 

Doronicum L. 

*D. pardalianehes L. 

♦D. plantagineiim L. 

Setiecio L. 

S. vulgaris L. 

S. sylvaticus L. 

S. viscosus L. 

♦8. squalidus L. 

8. erucifolius L. 

8. jacobaea L. 

8. aquaticus Hill 
8. erraticus Bertol. 

*8. sairacenicus L. 

8. paludosus L. 

8. congestus (R.Br.) DC. (8, palustris (L.) IKJ., non 
VeU.) 
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8. integrifoliuB (L.) Clairv. (8. campestris Retz. DC.) 
8. spathulifolius (C. C. Gmel.) Turcz. 

*8. doria L. 

’*'8. cineraria DC. 

Carlina L. 

C. vulgaris L. 

Arctium L. 

A. lappa L. (A. majus Bernh.) 

A. vulgare (Hill) A. H. Evans (inel. A. nemorosuni 
Lej. & Court., A. pubens Bab. and A. inter- 
medium Lange) 

A. minus (Hill) Bernh. 

Carduus L. 

♦C. pycnocephalus L. 

C. tenuillonis Curt. 

C. nutans L. 

C. erispus L. 

( \ aeanthoides L. 

Cirsimn Mill. 

C. vulgare (8avi) Ten. (C. laneeolatum (L.) 8oop., 
non Hill, Cnicus lanceolatus (1^.) Willd.) 

C. eriophonim (L.) Scoj). (Cnicus eriophorus (L.) 
Roth) 

(’. palustre (L.) Scop. (Cnicus palustris (L.) Willd.) 
C. tuberosum (L.) All. (Cnicus tul)erosus (L.) Roth) 
C. dissectum (L.) Hill (Cnicus pratensis (Huds. ) 

Willd., Cirsiurn anglicum (Lam.) DC.) 

C. heterophyllum (L.) Hill (C. helenioides (L.) Hill, 
Cnicus heterophyllus (L.) Willd.) 

C. acaulos (L.) Scop. (Cnicus acaulos (T..) Willd.) 

C. arvense (L.) Scop. (Cnicus arvensis (1..) Hoffin.) 
*C. oleraceum (L.) Scop. 

Cnicus L. 

’*‘C. benedict us L. 

Onopordum L. 

♦O. acanthium L. 

Silybum Adans. 

♦S. marianum (L.) Gaertn. 

Saussurea DC. 

8, alpina (L.) DC. 

Serratula Ij. 

8. tinctoria L. 

Centaurea L. 

*V. jaeea L. 

C. nigra L. (C. obscura Jord.) 

C. nemoralis Jord. 
seabiosa L. 

’•‘C. eyanus L. 
paniculata L. 

C. aspera L. 

C. calcitrapa L. 

Cichorium L. 

C. intyl)us I... 

♦C. endivia L. 

Arnoseris Gaertn. 

A. minima (L.) Schweigg. & Koerte 

Lapsana L. 

L. communis L. 
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Picris L. 

P. hieracioides L. 

*P. apinulosa Guss. 

P. echioides L. (Helminthia ecbioides (L.) Gaertn.) 

Crepis L. 

C. foetida L. 

♦0, taraxacifolia Thuill. 

*C. setosa Haller 

C. capillaris (L.) Wallr. (C. virens L.) 

nicaeensis Balb. 

0. biennis L. 

C. mollis (Jacq.) Aschers. 

C. paludosa (L.) Moench 

Hieracium L. 

See list provided by Mr H. W. Pugsley on p. 345. 

Hypochoeris L. 

H. glabra L. 

H. radicata L. 

H. maculata L. 

Leontodon L. 

L. leysseri (Wallr.) Beck (L. taraxacoides (Vill.) 

Lacaita, non Merat; Thrincia hirta auct.) 

L. hispidus L. 

L. autiimnalis L. 

Taraxacum Wigg. 

T. officinale Weber (T. vulgare Schrank) 

T. palustre (Lyons) DC. 

T. balticum Dahlst. 

T. spectabile Dahlst. 

T, laevigatum (Willd.) DC. (T. erythrospermum 
Bess.) 

T. obliqunm (Fr.) Dahlst. 

Lactuca L. 

L. virosa L. 

L. serriola L. (L. scariola L.) 

L. saligna L. 

L. rnuralis (L.) Fresen, 

L. alpina (L.) Hook. f. 

♦L. macrophylla (Willd.) A. Gray 

Sonchus L. 

8. oleraceus L. 

S. asper (L.) Hill 
8. arvensis L. 

8. palustris L. 

Tragopogon L. 

T. pratensis L. 

T. minor Mill. 

*T. porrifoliiis L. 

Scorzonera L. 

8. humilis L. 

LOBELIACEAF 

Lobelia L. 

L. dortmanna L. ^ 

L. urens L. 

CAMPANULACEAE 

Jasione L. 

J. montana L. 

Wahhnhergia Schrad. 

W. hederacea (L.) Rchb. 


Pkyteuma L. 

P. tenerum R. Schulz (P, orbiculare auct. angl.) 

P. spicatum L. 

Campanula L. 

0. glomerata L. 

C. trachelium L. 

C. latifolia L. 

♦C. rapunculoides L. 

C. rotundifolia L. 

*C. persicifolia L. 

*C. rapunculus L. 

C. patula L. 

*C. medium L. 

Specularia P. C. Fabr. 

S. hybrida (L.) A.DC. (Legousia hybrida(L.) Delarb.) 
VACCINIACEAE 

Vaccinium L. 

V. vitis-idaea L. 

V. uliginosum L. 

V. myrtillus L« 

Oxycoccus Hill 

O. quadripetalus Gilib. (Vaccinium oxycoccos L.) 

C). microcarpus Turcz. 

ERICACEAE 

Arbutus L. 

A. unedo L. 

Arctostaphylos Adana. 

A. alpinus (L.) Sprang. 

A. uva-ursi (L.) Spreng. 

Gaidtheria L. 

♦G. shallon Pursh 

Andromeda L. 

A. polifblia L. 

CaUuna Salisb. 

C. vulgaris (L.) Hull 

Erica L. 

E. ciliaris L. 

E. tetralix L. 

E. mackaiana Bab. (E. mackaii Hook.) 

E. cinerea L. 

E. vagans L. 

E. mediterranea L. 

Loiseleuria Desv. 

L. ppocumbens (L.) Desv. (Azalea procumbens L.) 

Ledum L. 

*L. palustre L. 

PhyUodoce Salisb. 

P. caerulea (L.) Bab. (Bryanthus caeruleus (L.) 
Dippel) 

Daboecia D. Don 

D. cantabrica (Huds.) C. Koch (D. polifolia D. Don) 

Rhododendron L. 

♦R. ponticum L. 

*R. luteum Sweet 
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PYROLACEAE 

Pyrola L. 

P. rotundifolia L. 

P. media Sw. 

P. minor L. 

P. secunda L. 

Moneaes S. F. Gray 
M. uniflora (L.) A. Gray 

MONOTROPACEAE 

Monotropa L. 

M. hypopithys L. 

PLUMB AGIN ACE AE 

Limonium Mill. 

L. vulgar© Mill. (Static© limonium L.) 

L. humile MUl. (Static© rariflora Drej., S. bahusi- 
ensis Fr.) 

L. lychnidifolium (Gir.) O. Kuntze 
L. binervosum (G. E. Sm.) C. E. Salmon 
L. recurvurn C. E. Salmon 
L. transwallianum (Pugsl.) Pugsl. 

L. paradoxum Pugsl. 

L. bellidifolium (Gouan) Dum. (L. reticulatum auct. 
angl.) 

Arnieria Willd. 

A. maritima Willd. (Static© armeria L.) 

A. pulwscons Link 
A. plantaginea Willd. 

PRIMULA( EAE 

Uottonia L. 

H. palustris L. 

Primula L. 

P. vulgaris Huds. 

P. vt^ris L. 

P. elatior (L.) Hill. 

P. farinosa L. 

P. 8cotic.il Hook. 

Cyclamen L. 

*C. hederifolium Ait. (C. europaeum auct., C. ncapoli- 
tanum Ten.) 

Lyaimackia L. 

L. thyrsiflora L. 

L. vulgaris L. 

*L. punctata L. 

*L. ciliata L. 

L. nummularia L. 

L. neinorum L. 

Trientalia L. 

T. europaea L. 

Olaux L. 

G. maritima L. 

AnagaUia L. 

A. arvensis L. (incl. A. phoenicea Scop.) 

A. foemina Mill. (A. coerulea Schreb.) 

A. tenella (L.) Murr. 

CerUuncvlua L. 

C. minimus L. 

Samolua L. 

8. valerandi L. 


OLEACEAE 

Fraxinua L. 

F. excelsior L. 

Liguairum L. 

L. vulgarc L. 


LOGANIACEAE 

Buddie ja L. 

*B. davidii Franch. 

APOCYNACEAE 

Vinca L. 

*V. major L. 

V. minor L. 

GExNTlANACEAE 

Cic^ndia A dans. 

C. filiformis (L.) Delarb. (Microcala filiformis (L.) 
Hoffmgg. & Link) 

Blackatonia Huds. 

B. perfoliata (L.) Huds. (Chlora perfoliata (L.) b.) 
Ceniaurimn Hill 

C. umbellatiim Gilib. (Erythraea centauriura (L.) 
Pers., non Borkh.) 

C. latifolium (Sm.) Druce (Erythraea latifolia Srn.) 
C. capitatum (Willd.) Borbas (Erythraea capitata 
WUld.) 

C. littorale (D. Turner) Gilmour (Erythraea com- 
pressa Haync, E. turneri Wheldon & Salmon) 

C. pulchollum (Sw.) E. H. L. Krause (Erythraea 
pulcholla (Sw.) Fr.) 

C. tenuiflorum (Hoffmgg. & Link) Fritsch (Ery- 
thraea tenuiflora Hoffmgg. & Link) 

C. portense (Brot.) Butcher (Erythraea portensis 
(Brot.) Hoffmgg. & Link) 

Exactdum Caruel 

E. puailluin (Lam.) Caruel (Cicendia pusilla (Lam.) 
Griseb.) 

(rentiana L. 

G. pneumonanthe L. 

G. verna L. 

G. nivalis L. 

G. campestris agg. 

G. campestris L. (G. gerrnanica (Froel.) Murb., 
non Willd.) 

G. baltica Murb. 

G. amarella agg. 

G. amarella L. (G. axillaris (Schmidt) Rchb.) 
G. septentrionalis (Druce) Druce 
G. anglica Pugsl. (G. lingula ta Ag.) 

G. uliginosa Willd. 

G. gerrnanica Willd. 

MENYANTHACEAE 

Menyanthea L. 

M, trifoliata L. 

Nymphoidea Hill 

N. peltatum (S. G. Gmel.) O. Kuntze (Limnanthe- 
mum peltatum S. G. Gmel.) 
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POLEMONIACEAE 

Polemonium L. 

P. caeruleum L. 

BORAGINACEAE 

(hnphalodes Mill. 

*0. verna Moench 

Cynoglossum L. 

O. oificinale L. 

C. germanicum Jacq. (C. montanum auct.) 

Asperugo L. 

*A. procumbens L. 

Symphytum L. 

S. officinale L. 

S. tuberosum L. 

*S. orientale L. 

*S. peregrinuin I^deb. 

Borago L. 

*B. officinalis L. 

Anchum L. 

*A. sempervirens Jj. 

Lycopsia L. 

L. arvensis L. 

Puhnonaria L. 

P. longifolia Bor. (P. angustifolia auct.) 

*P. officinalis L. 

Mertenaia Roth 

M. maritima (L.) 8. F. Gray 

Myosotia li. 

M. sicula Guss. 

M. caespitosa K. F. Schultz 
M. scorpioides L. (M. palustris (L.) Hill) 

M. secunda A. Murr. (M. repens Hook., non Donn) 

M. brevifolia C. E. Salmon 

M. alpestris Schmidt (M. pyrenaica auct.) 

M. sylvatica (Ehrh.) HoiFm. 

M. arvensis (L.) Hill 
M. collina HofFm. 

M. versicolor Sm. 

Lithoapermum L. 

L. purpurocaeruleum L. 

L. officinale L. 

L. arvense L. 

Echiurn L. 

E. vulgare L. 

E. plantagineum L. 

(X)NVOLVULACEAE 
Calystegia R.Br. 

C. sepium (1j.) R.Br. 

C. soldanella (L.) R.Br. 

♦C. sylvestris (Willd.) Roem & Schult. (C. inflata 
(Desf.) Don) 

ConvolvtUua L. 

C. arvensis L. 

Cuacuta L. 

C. europaea L. 

C. epithymum (L.) Mufr. (incl. 0. trifolii Bab.) 


SOLANACEAE 

Solanum. L. 

S. dulcamara L. 

S. nigrum L. 

Lycium L. 

*L. chinense Mill. (L. barbarurn auct., p.p.) 

*L. halimifolium Mill. 

Atropa L. 

A. bella-donna L. 

Datura L. 

♦D. stramonium L. 

Hyoacyamua !.<. 

H. niger L. 

SCROPHULARIACEAE 

Verbaacum h. 
thapsiis L. 

*V. thapsiforme Sehrad. 

*V. phlornoides L. 

V. pulveruJentum Vill. 

V. lychnitis L. 
nigrum L. 
virgatum Stokes 
*V. blattaria L. 

Linar ia Mill. 

*\j. cyrnbalaria (L.) Mill. 

L. eiatine (L.) Mill. 

L. spuria (L.) Mill. 

'•‘L. supina (L.) Chazclles 
*L. arenaria DC. 

L. pelisseriana (L.) Mill. 

purpurea (L.) Mill. 

L. repens (L.) Mill. 

L. vulgaris Mill. 

L. minor (L.) Desf. 

Antirrhinum L. 

*A. majus L. 

A. orontium L. 

Scrophularia L. 

S. aquatica L. 

S. umbrosa Dum. (S. alata Gilib.) 

S. nodosa L. 
vS. scorodonia L. 

♦S. vernalis L. 

Mimulus L. 

*M. guttatus DC. (M. langsdorffii Donn, M. luteus 
auct. aiigl.) 

♦M. moBchatus Lindl. 

Limmella L. 

L. aquatica L. 

L. subulata Ives (L. tenuifolia Nutt.) 

Sibthorpia L. 

S. europaea L. 

Digitalia L. 

D. purpurea L. 

Veronica L. 

V. hederifolia L. 

V. polita Fr. (V. didyma auct.) 

V. agrestis L. 
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*V. persica Poir. (V. toumefortii C. C. Gmel. non 
Vill., V. biixbaumii Ten., non Schmidt) 

*V. filiformis Sm. 

V. triphyllos L. 

V. verna L. 

*V. praecox All. 

*V. acinifolia L. 

*V. peregrina L. 

*|V. repens DC., non Gilib. : nom. illegit. 

V. arvensis 1^. 

V. serpyllifolia L. 

V. hnmifusa Dicks. (V. borealis (Laest.) Hook, f.) 
V. alpina L. 

V. fruticans Jacq. (V^ saxatilis Scop.) 

V' . spicata L. 

V. hybrid a L. 

officinalis L. 

V'. chamaedrys L. 

V. montana L. 

V. scuUdLata L. 

V. anagallis-aquatica L. 

V. aquatioa Bernh. 

\ . iK'.ccabunga L. 

Kitphrasia L. 

E. salisburgensis Funck 
E. officinalis agg. 

E. nemorosa (Pers.) Loehr 
E. confusa Pugsl. 

E. heslop-harrisoni Pugsl. 

E. occidental is Wettst. 

E. pseudo-kerneri Pugsl. (E. kerneri auct., E. 

stricta auct.) 

E. eambrica Pugsl. 

I’], curta (Fr.) W'ettst. 

E. inarshallii Pugsl. 

E. rotundifolia Pugsl. 

E. cainpbellae Pugsl. 

E. niicrantha Rchb. 

E. frigida Pugsl. (E. latifolia auct., ? E. arctica 
Lange) 

E. eurycarpa Pugsl. 

E. foulaensis Towns. 

E. scotica Wettst. 

E. rhumica Pugsl. 

E. brevipila Burn. & Gremli 
E. borealis (Towns.) Wettst. 

E. hirtclla lieut. 

E. anglica Pugsl. 

E. rivu laris Pugsl. 

E. rostkoviana Hayne 
E, montana Jord. 

Odoiitites Gilib. 

O. rubra Gilib. (Bartsia odontite.s (L.) Huds.) 
Parenhicellia Viv. 

P. v iscosa (L.) Caruel (Bartsia viscoaa L.) 

Hartsia L. 

B. alpina L. 

Pedwularis L* 

P. palustris L. 

P. sylvaticii L. 

Rhinanthns L. 

K. major agg. 

tR. major Ehrh.: nom illegit. 

K. aestivalis Zinger 
H. polycladus Chab. 

R. serotinus Schoenh. (R. montanus Saut.) 

R. borbasii Dorfi. 


R. aptenis (Fr.) Ostenf. 

R. minor agg. 

R. minor L. (R. minor Ehrh.) 

R. stcmophyllus (Schur) Druce 
R. calcareus Wilmott 

R. spadiceus Wilmott (R. monticola auct.) 

R. perrieri Chab. (R. rusticulus auct.) 

R. borealis (Sterneck) Druce (R. crista-galli var. 

drummond-hayi F. B. White) 

R. lintoni Wilmott 
R. lochabrensis Wilmott 

Melampyr um L. 

M. cristatum L. 

arvense \j. 

M. pra tense L. 

M. sylvaticum L. 

(JROBANCHACEAE 

Orobanche L. 

O. ramosa L. 

O. purpurea Jacq. (O. areiiaria auct.) 

O. rapum-genistae Thuill. (O. major auct. nonnull.) 
O. alba Stepli. (O. rubra 8m.) 

O. caryophyllacea Sm. 

(). elatior Sutton ((). major auct. nonnull.) 

O. reticulata Wallr. 

O. apiculata Wallr. (?(). major L., (). minor Sm., 
non Thunb.) 

(). picridis Hoi. 

O. hederae Diiby 

O. rnaritima Pugsl. (O. amethyst(>a auct. angl.) 

Lathraea L, 

L. squamaria L. 

*L. clandestiiia L, 

lentibi:lariact:ae 

Vtripidaria 1., 

C vulgaris L. 

r. neglecta Lehni. (C. major auct.) 

C. minor L. (incl. I', bremii auct. angl., vix Heer) 

U. intermedia Ha\iie (incl. V. oclirolcuca auct. 
angl., vix Hartm.) 

Pinguicula L. 

P. vulgaris L. 

P. grandiMora Lain. 

I*, alpina L. 

]\ lusitanit^a L. 

VERBENACEAE 

rfr6c/iti L. 

V. officinalis L. 

LABIATAE 

Mentha 1^. 

M. rotundifolia (L.) Huds. 

*>1. alo{>ccuruides Hull ? of hybrid origin 
M. longifolia (L.) Huds. 

♦M, spicata L. (M. viridis (L.) L.) 

M. piperita L. (incl. M. citrata Ehrh.) ?of hybrid 
origin 

M. aquatica L. 

M. verticillata L. ? of hybrid origin 
M. rubra Huds., non Mill. ? of hybrid origin 
M. gentilis L. ? of hybrid origin 
M. gracilis Sole ? of hybrid origin 
M. arvensis L. 

M. pulegium L. 

♦M. requienii Benth. 
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Lycojyus L. 

L. europaous L. 

Origanum L. 

O. vulgare L. 

Thymus L. 

T. serpyllum agg. 

T. serpyllum L. 

T. pycnotrichus (Uecbtr.) Ronn. 

T. laiiuginosiis Mill. 

T. pseudo-lanuginosus Ronn. 

T. drucei Ronn. 

T. zotlandicuH Ronn. & Druce 
T. negJectus Ronn. 

T. britannieus Ronn. 

T. pulegioides agg. 

T. pulegioides L. (T. ovatus Mill., T. chamaedrys 
Fr., p.p.) 

T. glabor Mill. (T. chamaediys Fr., p.p.) 

T. carniolicus Desegl. 

Clinopodium L. 

C. vulgare L. 

Acinos Mill. 

A. arvonsis (Lam.) Dandy, comb. nov. (Thymus 
acinos Ij,, Calamintha arvensis Lam., 0. acinos 
(L.) Clairv.) 

Calamintha Mill. 

C. baetica Roiss. & Rent. 

C. nepeta (L.) 8a vi 

C. aseondens Jord. (C. officinalis auct. angl.) 

C. intermedia (Baumg.) H. Braun (C. sylvatica 
Bromf.) 

Satureja L. 

*S. montana L. 

IJyssojjus L. 

*H. officinalis L. 

Melissa \j. 

*M. officinalis L. 

Salvia L. 

8. horminoides Pourr. (8. verbenaca auct.) 

8. verbenaca L, sec. Pugsl. (inch 8. marquaudii 
Druce) 

8. pratensis L. 

♦8. verticil lata L. 

Nepeta L. 

N. cataria L. 

Olecoma L. 

G. hederacea L. (Nepeta glechoma Benth.) 

Scutellaria L. 

8. galericulata L. 

8. minor Huds. 

Prunella L. 

P. vulgaris L. 

*P. laciniata (L.) L. 

Melittis L. 

M. melissophyllum L. 

Marruhiurn L. 

M. vulgare L. 


Stachys L. 

8. officinalis (L.) Ti’ev. (8. betonica Benth.) 

8. germanica L. 

8. palustris L. 

8. sylvatica L. 

8. alpina L. 

8. arvensis (L.) L. 

♦8. annua (L.) L. 

Galeopsis L. 

*G. ladanum L. (G. intermedia Vill.) 

G. angustifolia Hoffm. (G. ladanum auct. angl.) 

G. dubia Leers (G. ochroleuca Lam.) 

G. speciosa Mill. (G. versicolor Curt.) 

G. tetrahit L. 

Leonurus L. 

*L. cardiaca L. 

Lajnium L. 

L. amplexicaule L. 

L. moluccellifolium Fr. 

L. hybridum Vill. 

L. purjiureum L. 

*L. rnaculatum L. 

L. album L. 

Galeobdoloyi Adans. 

G. luteum Huds. ( Lamium galeobdolon (L.) Crantz) 
Ballota h. 

B. nigra L. 

*B. ruderalis 8\v. 

Teucrium L. 

T. botrys 1... 

T. scordium L. 

*T. chamaedrys L. 

T. scorodonia L. 

Ajuga L. 

A. reptans L. 

A. pyramidalis L. 

*A. genevensis \j. 

A. chamaepitys (L.) Schreb. 

PLANTAGINACEAE 

Plantago L. 

♦P. psyllium L. (P. indica L., P. ramosa (Gilib.) 
Aschers.) 

P. coronopus L. 

P. sabrinae (Card. & Bak.) Druce 
P. maritima L. 

P. lanceolata L. 

P. media L. 

P. major L. 

LiitoreUa Berg. 

L. uniflora (L.) Aschers. (L. lacustris L.) 
ILLECEBRACEAE 

Illecebrum L. 

I. verticillatum L. 

Herniaria L. 

H. glabra L. 

fH. ciliata Bab., non Clairv.: nom. illegit. 

Corri-gibla L. 

C. littoralis L. 

ScUranihua L. 

. 8. annuus L. 

S. perennis L. 
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AMARANTHACEAE 

AmaraTithiis L. 

*A. retroflexus L. 

♦A. albus L. 

CH KNOPODIACE AE 

Chenopodium L. 

0. polyspermum L. 

C. vulvaria L. (C. olidum Curt.) 

C. album L. 

♦C. reticulatum Aell. 

*C. viride L. sec. AeU. (C. suecicum J. Murr.) 

♦0. opulifolium Schrad. 

(v. bcifolium 8m. (C. serotinum auct.) 

C. rnurale L. 

C. hybridum L. 

C. urbicum L. 

C. rubnim L. 

C. botryodes Srii. (inol. C. crassifolium Hornem.) 

*C. glaucum L. 

* 0 . bonua-henricuH L. 

*C. capitatum (L.) Aachcrs. 

Beta L, 

B. rnaritima L. 

A triplex L. 

A. littoral is L. 

A. })atula L. 

A. haatata L. (iiul. A. dcltoidea Bab.) 

A. glabriuscula Edmondst, (inch A. babingt<jiiii 
Woods) 

A. laciniata L. (A. inaritima Hallicr, A. sabnlos^i 
Roiiy) 

Obione Gaertn. 

0. portiilacoides ( L, ) Moq. ( .-\triplcx port ulaeoidcs L.) 

O. pedunculata (L.) Moq. (Atriplcx pcduuculata L.) 

Salicornia L. 

S. perennis (Gouan) Mill. (8. radicans 8m.) 

8. lignosa Woods 
8. dolichostachya Moss 

8. stricta Dum. sec. Moss (8. eiiropaea auct., 8. hcr- 
bacea auct.) 

8. ramosissima Woods 
S. i)usilla Woods 
8. gracillima (Towns.) Moss 
8. appressa (Dum.) Dum. 

8. smithiana Moss (8. procumbens auct., non 8ni.) 
8. prostrata Pall. sec. Moss 
8. disarticulata Moss 

Suaeda Forsk. 

S. fruticosa Forsk. 

8. rnaritima (L.) Dum. 

Salsola L, 

8. kali L. 

POLYGONACEAE 

Polygonum L. 

P. convolvulus L. 

P. dumetorum L. 

P. aviculaj»e agg. 

P. aviculare L. (P. heterophyllum Lindm.) 

P. aequale Lindm. 

P. calcatum Lindm. 

P. rurivagum Bor. 

P. littoralo Link 


P. raii Bab. 

P. maritimum L. 

P. hydropiper L. 

P. minus Huds. 

P. mite Schrank (P. laxiflorum Wei he) 

P. persicaria L. 

P. lapat hi folium L. (P. scabrum Mocnch) 

P. nodosum lYu's. (P. maculaturn (8. F. Gray) Bah., 
P. petecticale (8tokcs) Druce) 

P. amphibiurn L. 

P. bistorta L. 

P. viviparum L. 

’•‘P. sagittatum L. 

*P. polystachyum Meisn. 

*P. cuspidatum 8k;b. k Zucc. 

*P. sachalinense Maxim. 

Fagopyrum Mocnch 

♦F. sagittatum (dlib. (Polygonum fago[>yium L.) 

Oxyria Hill 

O. digyna (L.) Hill 

Riimex L. 

R. congiomeratus Murr. (R. conglomeratus 8ehrcb.) 
R. rupestris 1^ Gall 
*R. cuncifolius Campd. 

R. sanguineus h. (inch R. condylodcs Bieb ' K. nemo- 
rosus W'illd.)) 

R. maritimus L. 

R. palustris Srn. (R. limosiis auct. angh 
’*‘R. brownii ('ampd. 

*R. triangulivalvis (Danser) Rcch. h 
R. pulcher L. 

R. obtusifolius L. 

R. crispus L. 

♦R. paticntia L. 

R. dome.sticus Hartm. (R. longifolius auct. angh, 
?D(\, R. aquaticus Hook., non L.) 

R. hydrolapathum Huds. 

R. aquaticus L. 

*R. alpinus 1^. 

R. acetosa L. 

*R. scutatus L. 

R. acetosclla \j. 

ARI8T( )LOC’H lACE A K 

Amruvi L. 

A. europaeum L. 

Aristoloc.hia L. 

“^A. cleniatitis L. 

THVMELAEACEAE 

Daphne L. 

1). mezorcum h. 

D. laureola L. 

ELAEAGNACEAh: 

mppophae L. 

H. rhamnoides L. 

LORANTHACEAK 

Viscufu L. 

V. album L. 

8ANTALACEAE . 

Theaiurn L. 

T. humiftisiim DC. 
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EUPHORBIACEAE 

Euphorbia L. 

E. peplis L. 

E. helioscopia L. 

E. platyphyllos L. 

E. stricta L. 

E, hyberna L. 

*E. dulcis L. 

*E. corallioides L. 

*E. pilosa L. 

E, amygdaloides Jj. 

*E. esula L. 

*E. virgata Waldst. & Kit. 

E. cyparissias L. 

E. paralias L. 

E. portlandica L. 

E. peplus L. 

E. exigua L. 

*E. lathyrus L. 

Merciirialis L. 

M . perennis L. 

*M. annua L. 


Buxus L. 


BUXACEAE 


B. semper virens L. 


ULMACEAE 

Ulmus L. 

U. glabra Muds. (U. seabra Mill., U. montana 
Stokes) 

X U. hollandica Mill. (inol. V. vegeta (Loud.) Le^y) 

U. carpinifolia Gleditsoh (U. nitons Moench) 

U. diversifolia Melville (U. minor auct.) 

LJ. plotii Druce 
U. stricta Lindl. 

U. procera Salisb. (IT. campestris auct. angi.) 


CANNABINACEAE 

Humulus L. 

H. lupulus L. 


IJRTJCACEAE 

Urtica L. 

IJ. dioica L. 

L. urens L. 

Parietaria L. 


r. diffusa Mert. & Koch (P. officinalis auct., P. 
ramiflora auct.) 


MYRICACEAE 

Myrica L. 

M. gale L. 

*M. caroliniensis Mill. 


Alnus Mill. 

A. glutinosa (L.) Gaertn. (A. rotundifolia Stokes) 
*A. incana (L.) Moench 

CORYLACEAE 

(Jarpinus L. 

C. betulus L. 

Corylus L. 

C. avellana L. 


FAGACEAE 

Qu^rcus L. 

Q. robur L. 

Q. petraea (Mattuschka) Liebl. (Q.sessilifloraSalisb.) 
*Q. cerris L. 

*Q. ilex \j. 

Castanea Mill. 

*C. sativa Mill. (C. vesca Gaertn.) 

Fagus L. 

F. sylvatica L. 


SALICACEAE 

^ahx L« 

S. pentandra L. 

8. triandra L. 

8. fragilis L, 

8. alba L. 

8. purpurea L. 

’•'8. daphnoides V^ill, 

8. viminalis L. 

8. lapponum L. 

8. caprea L. 

8. aurita L. 

8. atrocineroa Brot. (8. cinerea auct. angl.) 
8. nigricans Sra. (8. andersoniana Sin.) 

8. phylieifolia L. 

8. arbuscula L. 

8. refXims agg. 

8. repens L. 

8. arenaria L. 

8. lanata L. 

8. myrsinites L. 

8. herbacea L. 

8. reticulata L. 

Populus L, 

*P. alba L. 

P. caneseens (Ait.) Sin. 

P. tremula L. 

P. nigra L. 

*P. serotina Hart. (? P nigra x deltoides) 


J UGLANDACEAE 

Juglans L. 

*J. regia L. 


EMPETRACEAE 

Empetrum L. 

E. nigrum L. 

E. her maphrodi turn (Lange) Hagerup 


BETULACEAE 

Betula L. 

B. pendula Roth ( B. verrucosa Ehrh., B. alba auct.) 
B. pubescens Ehrh. 

B. nana L. 


CERATOPHYLLACEAE 

Ceratophyllum L. 

C. demersum L. 

C. submersum L. 



329 


Check list of British vascular plants 


MONOCOTYLEDONES 

HY DROCH ARITACE AE 

jhJlodea Michx. 

*E. canadensis Mich^jc. 

Hydrilki L. C. Rich. 

H. verticiJlata (L.f.) Koyle 

Hydrochar is L. 

H. morsus-ranae L. 

Vallisneria L. 

*V. spiralis L. 

Siratiotes L. 

8. aloides L. 

ORCHIDACEAE 
Hamniarhya (). Knntze 

H. paludosa (L.) O. Kiintze (Malaxis }>alu<io8a (L.) 
8w.) 

Li parts L. C. Rich. 

L. loeselii (L.) L. C. Rich. 

Corallorhim Chat el. 

C. trifida Chat(*l. (C. innata K.Br.) 

yeottia L. C. Rich. 

N. nidus-avis (L.) 1^. C. Rich. 

Listera R.Br. 

L. cordata (L.) R.Br. 

L. ovata (L.) R.Br. 

Spiranthes L. C. Rich. 

S. spiralis (L.) Chovall. (S. aiitunnialis C. Rich.) 
8. aestivalis (Poir.) L. C. Rich. 

8. romanzoffiana ('ham. 

8. geinniipara (8m,) Lindl. 

doodyera R.Br. 

(jJ. repens (L.) R.Br. 

Epipogium R.Br. 

E. aphyllum Sw. 

( 'fphalanthera L. C. Rich. 

C. rubra (L.) L. C. Rich. 

V, longifolia (L.) Fritsch (C. onsifolia L. C. Rich.) 

(\ dainasonium (Mill.) Druce (C. latifolia Janch., 
C. lonchophyllum (L.f.) Rchb. f. C. grandiflora 
8. F. Gra,v p.p., C. pallens L. C. Rich.) 

Epipaciis 8w. 

E. helleborinc (L.) Crantz (E. latifolia (L.) All.) 
fE. purpurata Sm. (E. violacea Bor.) 

E. leptochila (Godf.) Godf. 

E. dunensis (T. & T. A. Steph.) Godf. 
fE, vectensis (T. & T. A. Steph.) Brooke & Rose 
E. pendula C. Thomas 

E. atropurpurea Raf. (E. atrorubens 8chult.) 

E. pahistris (L.) Crantz 

Himatitoglossum Spreng. emend. Koch 

H. hircinum (L.) Spreng. (Orchis hircina (L.) Crantz) 

Amicamptis L. C. Rich. 

A. pyramidalis (L.) L. C. Rich. (Orchis pyramidalis 

L.) 

J, Ecol. 33 


Orchis L. 

O. ustulata L. 

O. purpurea Huds. 

O. militaris L. 

O. Simla Lam. 

O. inorio L. 

O. mascula (L.) L. 

O. laxiflora Larn. 

O. latifolia L. sec. Pugsl. (O. incarnata auct. angl.) 
O. praetermissa Druce 
O. purpurella T. & T. A. Steph. 

O. pardalina Pugsl. (O. latifolia auct. angl., p.p.) 

O. occiden tails (Piigsl.) Wilmott 
O. traunsteinerioides (Pugsl.) Pugsl. 

O. kerryensis Wilmott 
O. francis-drucoi Wilmott 

O. ericetonim (E. F. Linton) E. S. Marshall (? O. 
elodes Griseb.) 

O. fuchsii Druce ( ? (). maculata L.) 

O. hebridensis Wilmott 

Ac?ras R.Br. 

A. anthropophorura (L.) 8. F. Gray 
Opkrys L. 

O. apifcra Huds. (incl. O. trollii Heg.) 

O. fucifiora (Crantz) Rchb. {O. arachnites Lam.) 

O. sphegodes Mill. (O. aranifera Huds.) 

0. insectifera L. ((). muscifera Huds.) 

Henninium R.Br. 

H. moncrchis (L.) R.Br. 

( rymnaden ia R . Br . 

G. conopsea (L.) R.Br. 

yeotinca Rchb. f. 

N, Intacta (Link) Rchb. f. 

Leu^'orchis E. Meyer 

L. albida (L.) Schur (Habenaria albida (L.) R.Br.) 
Cocloglossum Hartin. 

C. viride (L.) Hartin. (Habenaria viridis (L.) R.Br.) 
Elatanthera L. C. Rich. 

P. bifolia (1^.) L. C. Ricli. (Habtmaria bifolia (L.) 
R.Br.) 

P. chlorantha (Cust.) Rchb. (Habenaria chlorantha 
(Cust.) Bab., non Spreng) 

Cypripediinn L. 

C. calceolus L. 

IRIDACEAE 

Iris L. 

1. fo<:*tidissiina L. 

*1. spuria L. 

I. pseudacorus L. 

*1. germanica L. 

H ermodaciyl us M il 1 . 

♦H. tuberosus (L.) Mill. 

CrocMS L. 

♦C. nudiflorua 8ni. 

♦C. albifloriis Schult. (C. vernus (L.) All., non Mill.) 
*C. biflorus Mill. 


22 
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Romulea Maratti 

R. columnae Seb. & Maur. 

Siayrinchium L. 

S. bermudiana L. (S. angustifoliura Mill.) 

*S. californicum (Ker^Gawler) Ait. f. 

Gladiolus L. 

G. illyricus Koch 

AMARYLLIDACEAE 

Narcissus L. 

N. pseudo-narcissus L. 

*N. obvallaris Salisb. 

"‘N. hispanicus Gouan (N. major Curt.) 

*N. infundibulum Poir. (N. odorus auct. angl.) 

*N. biflorus Curt. 

*N majalis Curt. (N. poetic us auct.) 

Galanthus \j. 

G. nivalis L. 

Leucojum L. 

L. aestivum L. 

*1j. vemura L. 

Sternbergia Waldst. & Kit. 

*8. lutea (L.) J. A. & J. H. 8chult. 

Allium, L. 

*A. ampeloprasum L. 

A. babingtonii Borrer 
A. scorodoprasuin I... 

A. sphaerocephalon L. 

A. vineale L. 

A. oleraceum L. (incl. A. carinatum Sm., non L.) 
*A. carinatum L, 

A. schoenoprasum L. 

A. ^ibiricum L. 

*A. triquetrum L. 

A. ursinum L. 


Scilla L. 

8. autumnalis L. 

8. vema Huds. 

8. non-scripta (L.) Hoffmgg. & Link (8. nutans 
Sm.) 

*8. hispanica Mill. (8. campanulata Ait.) 

Ornithogalum L. 

*0. nutans L. 

O. umbellatum L. 

O. pyrenaicum L. 

Liliuin L. 

*L. martagon L. 

*L. pyrenaicum Gouan 

Frifillaria L. 

F. meleagris L. 

Tulipa L. 

*T. sylvestris L. 

Gagea Salisb. 

G. lutea (L.) Ker-Gawler 

Lloydia Salisb. 

L. serotina (L.) Rclil). 

Colchicum L. 

C. autumnale L. 

Narthecium (L.) Huds. 

N. ossifragum (L.) Huds. 

Tofieldia Huds. 

T. pusilla (Michx.) Pcrs. (T. palustris auct., T. 
borealis (Wahlenb.) VVahlenb.) 

Paris L. 

P. quadrifolia L. 


DIOSCOREACEAE 


Tamus Ij. 

T. communis L. 


Ruscus L. 

R. aculeatus L. 


LILIACEAE 


Asparagus L. 

A. maritimus (L.) Mill. 

*A. officinalis L. 

Polygonatum Mill. 

P. verticillatum (L.) All. 

P. multiflonim (L.) All. 

P. odoratum (Mill.) Druce (P. officinale All.) 

Maianthemum Weber 
M. bifblium (L.) Schmidt 

Convallaria L. 

C. majalis !.«. 

Simethis Kunth 

8. planifolia (L.) Gren. & Godr. (8. bicolor (Deaf.) 
Kunth) 

Muscari Mill. 

M. racemosum (L.) Mill. 


JUNCACEAE 

Juncus L. 

J. bufonius L. 

J. tritidus L. 

J. squarrosus L. 

.1. compressus Jacq. 

J. gerardii Lois. 

♦J. tenuis Willd. (d. iiiacer S. F. Gray) 

♦J. dudleyi Wiegand 
J. balticus Willd. 

J. filiformis L. 

J. inflexus L. (J. glaucus Sibth.) 

J. effuBUB L. 

J. conglomeratus L. 

J. maritimus Lam. 

J. acutuB L. 

J. bulbosus L. (J. supinus Moench) 

J. kochii F. Schultz 

J. subnodulosus Schrank (J. obtusiflorus Hoffm.) 

J. mutabilifl Lam. (J. pygmaeus L. C. Rich.) 

J. articulatus L. (J. lampocarpus Davies) 

J. alpinus Vill. (? J. alpino -articulatus Chaix) 

J. nodulosus Wahlenb. 

J. marshallii Pugsl. 

J. acutiflorus Hoffm. (J. sylvaticus Reiohard, non 
Huds.) 

J. castaneus 8m. 

J. biglumis L. 

J. triglumis L. 

J. oapitatus Weig. 
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Luzula DO. 

L. forsteri (Sni.) DC. 

L. pilosa (L.) Willd. 

L. sylvatica (Huds.) Gaud. (L. maxima (Reichard) 
DC.) 

L. arcuata (Wahlenb.) Wahlenb. 

L. spicata (L.) DC. 

L. campestris (L.) DC. 

L. multiflora (Retz.) I^j. 

*L. pallescons (Wahlenb.) Bess. 

*L. luzuloides (Lam.) Dandy & Wilmott (L. nemorosa 
(Poll.) E. Meyer» non Bailing.) 

♦L. nivea (L.) DC. 

TYPHACEAE 

Typha L. 

T. latifolia \j. 

T. angustifolia L. 

SPARGANIACEAE 

Sparyaniutn L. 

8. erectum L. (8. ramosum Huds.) 

8. neglectum Beeby 
8. simplex Huds. 

8. angustif'olium Michx. (8. afline Schnizl.) 

8. minimum (Hartm.) Er. 

ARACEAE 

Aram L. 

A. maculatum L. 

A. negleetum (Towns.) Ridley (A. italiourn auct. 
angl.) 

Arorus L. 

*.\. calamus L. 

(\iUa L. 

*(’. palustris L. 

LEMNACEAE 

Lenina L. 

L. trisulca L. 

L. minor L. 

L. gibba L. 

L. polyrhiza L. 

IVolffia Schleid. 

W. arrhiza (L.) Wiinin, 

ALI8MATACEAE 

Alia mu L. 

A. plantago-aquatica L. 

A. laneeolatum With. 

Baldelliu Pari. 

B. ranunculoides (L.) Pari. ( Alisnia ranunculoidesL., 
Echinodorus ranunculoides (L.) Engelm.) 

Luronium Raf. 

L. natans (L.) Raf. (Eliama natans (L.) Buchen.) 

JSagittaria L. 

8. sagittifolia L. 

*S. rigida Pursh (8. hoterophyUa Pursh, non Schreb.) 
Damasonium Mill. 

D. alisma Mill. (D. stellatum Thuill.) 


BUTOMACEAE 

Butomus L. 

B. umbellatus L. 

dCNCAGlNACEAE 

Triglochin L. 

T. palustris L. 

T. maritirna L. 

8CHEITCHZER1ACEAE 
Scheuchzeria L. 

8. palustris L. 

P( ITAMOGETONACEAE 

Potamogeton L. 

natans L. (P. hibernicus (Hagstr.) Druce) 

X P. fluitaiis Roth (P. crassifolius Fryer, P. sterilis 
Hagstr.: P. lucens x natans) 

X P. sparganifolius Fr. (P. kirkii 8yme, P. tiselii 
Rieht. : P. gramineus x natans) 

P. polygonifolius Poinr. (P. oblongus Viv., P. 
anglieus Hagstr.) 

P. coloratus Hornem. (P. plantagineus Roern. & 
Sc h lilt.) 

X P. billupsii Fryer (P. coloratus x gramineus) 

X P. lanceolatus 8m. (P. j)erpygmaeus Druce: P. 
berchtoldii x coloratus) 

P. nodosus Poir. (P. jietiolatus Wolfg., P. driicei 
1^'ryer) 

P. lucent L. (P. acuminatiis Schumaeli,, P. longi- 
folius Poir.) 

X P. zizii Roth (P. angustifolius auct. mult., P. 
coriaceus (Mert. & KoclA A. Beiin., P. babing- 
tonii A. Benn.: P. gramineus x lucens) 

X P. deeipien.s Koch (P. upsaliensis Tisel., i\ salignus 
Fryer, P. brotherstonii A. Benn., P. kupifferii 
A. Benn.: P. lucens x perfoliaius) 

Pi gramineus L. (P. hetero})hyllus Schreb., P. 
palustris Teesd., P. gracilis Wolfg., P. lonchitcs 
Tuekerm., P. varians Fryer, P. falcatiis Fryer) 

X 1*. nericius Hagstr. (P. alpinus >: gramineus) 

> P. nitens W eber (P. salicifolius W olfg., P. lundii 
Kicht., P. inv'olutus (Fryer) H. & J. Groves: 
P. gramineus x perfoliatus) 

P. alpinus Btilb. (P. rufescens Schrad ) 

X P, grifhthh A. Benn. (P. maevicarii A. Benn.: 
P. alpinus x praelongus) 

X P. prussicus Hagstr. (P. johannis Harrison: P. 
alpinus x perfoliatus) 

N P. olivactnis G. Fiseh. (P. veriusl us A. Benn.: 
P. alpinus x crispus) 

P. praelongus W'ulf. 

X P. eognatiis Aschers. & Graebn. (P. jXTfoliatus x 
])raelongus) 

X P. undulatus Wolfg. (P. crispus x praelongus) 

P. jierfoliatus L. 

x P. cooperi ( Fryer) Fryer (P. cyniatodes Aschers. & 
Graebn., I*, cyiubifolius G. Fiseh.: P. crispus x 
perfoliatus) 

*P. epihydrus Raf. (P. nuttallii (Uiam. & Sehleeht., 
P, jiensylvanicus (liam. & 8chlecht.) 

P. friesii Rupr. (P. conipressus auct. mult., P. 
mucronatus 8ond.) 

X P. lintonii Fryer (1^. crispus x friesii) 

P. rutilus W’()]jb. 

P. pusillus L. panormitanus Biv.) 

P. obtiiwsifolius Mert. & Koch (P. gramineus auct. 
mult.) 

P, sturrockii (A. Benn.) A. Benn. ? of hybrid origin 
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P. berohtoldii Fieb. (P. pusilliis auct. mult., P. 
tenuissimus (Mert. & Koch) Rchb., P. lacustris 
(Pearsall & Pearsall f.) Druce, P. millardii 
Harrison) 

P. trichoides Cham. & Schlecht. 

X P. bennettii Fryer (P. crispus x trichoides) 

P. compressus L. (P. zosteraefolius Schumach.) 

P. acutifolius Link (P. cuspidatus Sm.) 

P. crispus L. (P. serratus auct. mult.) 

P. filiformis Pers. 

X P. suecicus Richt. (P. filiformis x pectinatus) 

P. pectinatus L. (P. marinus L., P. interniptus Kit., 
P. vaillantii Roem. & Schult., P. zosteraceus Fr., 
P. flal)ellatu8 Bab.) 

P. derisus L. (P. serratus L., P. setaceus L.) 
RUPPIACEAE 

Ruppia L. 

R. spiralis Dum. (R. maritima auct. mult.) 

R. maritima L. (R. rostellata Koch) 

ZANNICHELLIACEAE 
Z(mnichellia L. 

Z. palustris L. (incl. Z. polycarpa Nolte) 

Z. pedicellata Fr. (Z. maritima Nolte, incl. Z. 
pediinculata Rchb. and Z. gibberosa Rchb.) 

A PONOGETONACE AE 
Aponogeton L.f. 

*A. distachyos L.f. 

Z(3STERACEAE 

Zostera L. 

Z. marina L. 

Z. hornemanniana Tutin 
Z. nana Roth 

NAJADACEAE 

Najas L. 

N. flexilis (Willd.) Rostk. & Schmidt 
N. marina L. 

*N. graminea Del. 

ERIOCAULACEAE 

Eriocaulon L. 

E. septangulare With. 

CYPERACEAE 

Cyperus L. 

C. fiiscus L. 

C. longus L. 

Ehocharis R.Br. 

E. acicularis (L.) Roem. & Schult, 

E. palustris (L.) Roem. & Schult. 

E. uniglumis (Link) Schult. 

E. raulticaulis (Sm.) Sm. 

E. parvula (Roem. & Schult.) B., N. & S. (Scirpus 
nanus Spreng., non Poir.) 

Scirpus L. 

S. pauciflorus Lightf. 

S. caespitosus L. (Trichophorum auitriacum Palla) 
S. germanicus (Palla) Christiansen 

S. hudsonianus (Michx.) Femald (Eriophorum 
alpinum L.) 

S, fiuitans L. 


S. cemuus Vahl (S. filiformis Savi, S. pygmaeus 
(Vahl) A. Gray) 

S. setaceus L. 

S. holoschoenuB L. 

S. lacustris L. 

S. tabernaemontani C. C. Gmel. 

S. triqueter L. 

8. americanus Pers. (S. pungens Vahl) 

S. maritimus L. 

S. sylvaticus L. 

Blysmus Schult. 

B. compressus (L.) Link (Scirpus compressus (L.) 
Pers., non Moench) 

B. rufus ( Huds.) Link (Scirpus rufus (Huds.) Schrad.) 

Eriophorum L. 

E. vaginatum L. 

E. opacum (Bjdrnstr.) Fernakl 
E. angustifolium Honck. 

E. latifoliuni Hoppe 
E. gracile Roth 

Rhynchospora Vahl 
R. fusca (L.) Ait. f. 

R. alba (L.) Vahl 

Schoenus L. 

S. ferrugineus L. 

S. nigricans L. 

Cladium. P.Br. 

C. mariscus (L.) Pohl 

Kobresia Willd. 

K. simpliciuscula (Wahlenb.) Mackenzie (K. cari- 
cina Willd., K. bipartita Dalla Torre) 

Car ex L. 

C. dioica L. 

C. pulicaris L. 

C. capitata L. 

C. rupestris All. 

C. pauciflora Lightf. 

C. microglochin Wahlenb. 

C. maritima Gunn. (C. incurva Lightf.) 

C. divisa Huds. 

C. chordorrhiza L.f. 

C. disticha Huds. (C. intermedia Good.) 

C. arenaria L. 

C. diandra Schrank (C. teretiusciila Good.) 

C. appropinquata Schumacher (C. paradox a Willd., 
non Gmel.) 

C. paniculata L. 

C. vulpina h. 

tC. otnibae Podp. (C. vulpina auct. occid.) 

*C. vulpinoidea Michx. 

C. spicata Huds. (C. contigua Hoppe, C. muricata 
auct. angl., p.p.) 

C. pairaei F. Schultz (C. muricata auct. angl., p.p.) 
C. polyphylla Kar. & Kir. (C. leersii F. Schultz. 

non Gmel.) 

C. divulsa Stokes 

C. echinata Murr. (C. stellulata Good.) 

C, remota L. 

C. elongata L. 

C. leporina L. (C. tripartita All., C. bipartita All., 
C. lachenalii Schkuhr, C. lagopina Wahlenb.) 

C, curta Good. (C. canesoens auct., non L.) 

C. ovalis Good. (C. leporina auct., non L.) 

C. halleriGunn. (C.norvegicaRetz., C.vahlii Schkuhr, 
C. alpina Sw.) 
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C. atrata L. 

C. canescens L. sec. Nelmes {C. fusca All,, C. bux- 
baumii Wahlenb., C. polygama Schkuhr) 

C. bicolor All. 

tC. data All. (C. reticulosa Peterm., C. stricta Good., 
C. hudflonii A. Benn.) 

C. acuta L. (0. gracilis Curt.) 

C. bigelowii Torr. (C. rigida Good., ?C. concolor 

K.Br.) C. hyperborea Drx^j. 

C. aquatilis Wahlenb. 

C. recta Boott (C. kattegatensis Fr.) 

C. nigra (L.) Reichard (C. angiistifolia 8m., C. 
goodenovii Gay, C. vulgaris Kr., C. caespitosa 
Good: ind. C. eboracensis Nelmt^s.) 

C. juncella (Fr.) Fr. 

C. flacca Schreb. (C. glauca Scop., (\ div'crsicolor 
auct., non Cr.) 

C. paupercula Michx. (C. irrigua (Wahlenb.) 8m., 
C. magellanica auct., vix Lam.) 

C. limosa L. 

C. rariflora (Wahlenb.) 8m. 

C. digitata L. 

C. glacialis Mackenzie 
C. ornithopoda Willd. 

C. humilis i^cyss. 

inontana 1^. 

C. pilulifera L. 

C. ericetoruin IVjll. 

C. caryo])hyllea l^atour. (C. verna Chaix. praecox 
JacM|., non Schreb.) 

filiformis L. sec. Nelmes (C. toinentosa auct., 
non L.) 

(\ j)alle8cens li. 

C. f)anieea L. 

C. vaginata Tausch (C. sparsillora (Wahlenb.) 
Steud.) 

C. atrofusca Schkuhr (C. ustulata W'ahleiil).) 

C. capillaris L. 

C. pendula L. 

C. strigosa Huds. 

('. depauperata Good. 

C. sylvatica Huds. 

(^ laevigata 8m. ((’. helodes Link) 

C. binervis 8m. 

C. sjidleri Linton 
C. distans L. 

C. punctata Gaud. 

C. hostiana DC. (C. fulva Host, C. hornschuchiana 
HopfK*) 

C. extensa Good. 

C. flava agg. 

C. flava L. 

C, lepidocarpa Tausch 

C. tumidicarpa Anderss. (C. oedcri subsp. otMlocarpa 
Anderss.. C. flava v'ar. minor Towtis.) 

C. serotina M(^rat (C. oederi auct., non Retz., 
? C. viridula Michx.) 

C. lasiocarpa Ehrh. (C. filiformis auct. angl., non L.) 
C. hii*ta L. 

C. pseudocyjHjrus L. 

C. acutiformis Ehrh. (C, paludosa Good.) 

C. riparia Curt. 

C. rostrata Stokes (C. ampullacea Good., C. inflata 
auct., non Huds.) 

C. vesicaria L. 

C. grahami Boott 
C. saxatilis L. (C. pulla Good.) 


GRAMINEAE 

Panicum L. 

’*'P. mileaoeum L. 


IHgitaria Haller 
*D. ischaemum (Schreb.) Muhl. 

'*‘D. sanguinalis (L.) Scop. (Panicum sanguinale L.) 

Ech inochloa Beau v . 

*E. crus-galli (L.) Beaiiv. 

Setaria Beauv’. 

*8. viridis (i^.) Beauv. 

*t8. glauca (L.) Beauv . 

*8. verticillata (L.) Beauv. 

Spartirm Schreb. 

8. maritirna (Curt.) Fernald (8. stricta (Ait.) Roth) 
*8. altemiflora Lois. 

8. tovvnsfmdii H. & d. Groves 

Lerrsia 8vv. 

L. oryzoides (L.) Svv'. 

Phalaris L. 

*P. canariensis L. 

*P. minor Retz. 
anindinacea L. 

A 11 Oinxanth u in L . 

A. odoratuin L. 

*A. pucdii Lee. & Lamotte 

fj if rochloe R.Br. 

H. odorata (L.) Beauv. 

Alopecurufii L. 

A. mvosuroides Huds. LA. agrestis L.) 

A. aequalis Sobol. (A. fulvus 8m.) 

A. genimdatus L. 

A. bulbosus Gouan 
A. pratensis L. 

X A. hvbridus Wimm. (A, geniculatiis x pratensis) 

A. alpinus Sm. 

Milium L. 

M. effusum L. 

Phleum L. 

P. alpinuin L. 

1*. pratense L. 

P. nodosum J^. 

P. phJeoides (L.) Karst. (P. boehmeri WiV)el) 

P. arenarium L. 

M ihora Ada ns. 

M. minima (L.) Desv. 

AgroMis L. 

A. aetacea Curt. 

A. canina L. 

A. tenuis Sibth. (A. vulgaris With.) 

A. gigantea Roth (A. nigra With.) 

A. stolonifera L. (inch A. alba auct.) 

♦A. semiverticillata (Forsk.) C. (dirist. (A. verti- 
cillata Vill.) 

Polypogon Deaf. 

P. monspeliensis (L.) Desf. 

X Agropogon 1^. Fourn. 

X A. littoralis (Sm.) C. E. Hubbard (Polypogon littoralis 
8in.) 
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Calamagrostis Roth (non Adans.) 

C. epigejoa (L.) Roth 

C. canescens (Web.) Gmel. (C. lanceolata Roth) 

C. neglecta (Ehrh.) Gaertn., Mey. & Scherb. 

scotica Dnice (C. strigosa auct. angl., non Kunth) 

Gastridium Beauv. 

G. ventricoflum (Gouan) Schinz & Thell. (G. lendi- 
gerum (L.) Gaud.) 

A per a Adans. 

A. spica-venti (L.) Beauv. 

A. interrupta (L.) Beauv. 

Ammophila Host 

A. arenaria (L.) Link (Psamma areiiaria (L.) Roein. & 
Schult.) 

y. Amnwcaluniagrostis P. Fourn. 

X A. baltica (Fluegge) P. Fourn. (Ammophila baltica 
(Fluegge) Link) 

Lagunis L. 

]j. o vatu 8 L. 

Aira L. 

A. caryophyllea L. 

A. praecox L. 

( 'oryntphorus Beauv. 

C. canescens (L.) Beauv. (Weingaertneria canescens 
(L.) Bernh.) 

Deschampsia Beauv. 

D. caespitosa (L.) Beauv. 

I) , alpina (L.) Roem. & Schult. 

J) . setacea (Huds.) Hack. 

I), flexiiosa (L.) Trin. 

H ulcus L. 

H. mollis L. 

H. lanatus L. 

T rise turn Pers. 

T. flavescens (L.) Beauv. 

Arena L. 

*A. fatua L. 

*A. strigosa 8chreb. 

*A. ludoviciana Durieu 

H eliclotrichon Besser 

H. pubescens (Huds.) Pilger (Avena pubescens 
Huds.) 

H. pratense (L.) Pilger (Avena pratensis L.) 
Arrhenatherum Beauv. 

A. elatius (L.) J. & C. Presl (A. avenaceum Beauv.) 
A. tuV^erosum (Gilib.) Schultz 

Cynodon Rich. 

C. dactylon (L.) Pers. 

Sieglingia Bemh. 

S. decumbens (L.) Bemh. (Triodia decumbens (L.) 
Beauv.) 

Phragmites Adans. 

P. communis Trin. (Arundo phragmites L.) 

Sesleria Scop. 

S; caeruJea (L.) Ard. 


Cynosurus L. 

*0. echinatus L. 

C. cristatus L. 

Koeleria Pers. 

K. vallesiana (Horick.) Bertol. 

K. gracilis Pers. 

K. britannica (Domin) Druce 
K. albescens DC. 

Molinia Schrank 

M. caerulea (L.) Moench 

Catahrosa Beauv. 

C. aquatica (L.) Beauv. 

Melica L. 

M. nutans L. 

M. uniflora Ret/. 

Dactyl is L. 

D. glomerata L. 

Briza L. 

*B. maxima L. 

B. media L. 

B. minor L. 

Poa L. 

P. annua L. 

P. irjfirma H.B.K. (P. exilis (Freyn) Murb.) 

P. bulbosa L. 

P. alpina L. 

P. flexuosa Sm. (P. laxa auct.) 

P. jemtlandica (Almq.) Richt. 

P. glauca Vahl 
P. nem oralis 1^. 

P. balfouri Parn. 
compressa L. 

*P. chaixi V^ill. 

P. j)raU?n8is agg. 

P. pratensis L. 

P. subcaerulea Sin. 

P. irrigata Lindm. 

P. angustifolia Ij. 

P. palustris L. 

P. trivialis L. 

Glyceria R.Br. 

G. fluitans (L.) R.Br. 

G. plica ta Fr. 

X G. pedicellata Towns. (G. fluitans x plicata) 

G. declinata Breb. 

G. maxima (Hartm.) Holmb. (G. aquatica (L.) 
Wahlenb.) 

Puccinellia Pari. 

P. maritima (Huds.) Pari. (Glyceria maritima Huds. 
Mert. & Koch) 

P. distans (L.) Pari. (G. distans (L.) Wahlenb.) 

P. pseudo-distans (Cr^p.) Jans. & Wacht. 

P. fasciculata (Torr.) Bickn. (G. borreri (Bab.) 
Ralfs) 

P. rupestris (With.) Fern. & Weath. (G. procumbens 
Dum.) 

Scleropoa Griseb. 

S. rigida (L.) Griseb. (Festuca rigida (L.) Kunth) 
Desrnazeria Dum. 

D. loliacea (Huds.) Nym. (Catapodium loliaceum 
(Huds.) Link, Festuca rottboellioides Kunth) 
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Vulpia Gmel. 

V. membranacoa (L.) Duin. (Festuca uniglumis Sol.) 
V. ambigua (Le Gall) A. G. More (Festuca ambigua 
Fe Gall) 

V. myuros (L.) Gmel. (Festuca myiiros L.) 

V. bromoides (L.) S. F. Gray (Festuca sciuroides 
Roth) 

FeMum L. 

F. ovina L. (incl. F. vivipara Sm.) 

F. tenuifolia Sibth. (F. ca|)illata Lam.) 

F. longifolia Thuill. (F. duriuscula auct., non L., 
sec. Ho wart h) 

F. glauca Lam. (incl. J". caesia 8m.) 

*F. heterophylla Lam. 

F. rubra L. (incl. subspp. duriuscula Syme and 
fallax (Thuill.) Howarth) 

F. juncifolia 8t. Am. 

F. altissima All. (F. sylvatica (Poll.) V'ill.) 
fF. pratensis Huds. (F. elatior L., I>-p ) 
fF. arundinacea Schreb. (F. elatior L., p.p.) 

F. gigantea (L.) Vill. 

X Fpfitulolliun Asch. & Graebn. 

X F. loliaceum (Huds.) P. Fourn. (Pestuca loliacea 
Huds.; Festuca pratensis x Lolium perenne) 

liromas L. 

B. ramosus Huds. (B. asper Murr.) 

B. erectus Huds. 

*B. incrmis Leyss. 

B. madritensis L. 

B. rigidus Roth ( B. maximus Desf.) 

B. gussonii Pari. (B. maximus auct. angl., p.p.) 

B. sterilis Ij. 

* B. tectoriim L. 

’•‘B. secalinus L. 

B. ra(;emo8US L. 

B. commiitatua Schrad, (B. juaLuisis Ehrh.) 
tB. mollis L. sec. Holmbg. (B. hordeaceus auct.) 
tB. hordeaceus L. sec. Holmbg. (B. thominii Hard.) 
B. interruptus (Hack.) Druce 

B. lepidus Holmbg. (B. britannieus 1. A. Williams) 
•^B. laciniatus Beal 

Hrt^hypodium l^auv. 

B. sylvaticum (Huds.) Beauv. 

B. pinnatum (L.) Beauv. 

Lolium L. 

L. j>ereime L. 

*L. multiflorum Lam. (1^. italicum Braun) 

*L. temulentum L. 

Agropyron Gaertn. 

A. caninum (L.) Beauv. 

A. donianum F, B. White 
A. re pens (L.) Beauv. 

A. pungens (Pers.) Roem. & Schult. 

A. junceum (L.) Beauv. 

X A. laxum Fr. (A. acutum auct, angl.; A. junceum x 
pungens) 

"^Lepiurus R.Br, 

tL. filiformis (Roth) Trin. 
f L. incurvuB (L.) Druce 


Nardus L. 

N. stricta L. 

Hordeum L. 

tH. europaeum (L.) All. (H. sylvaticum Huds.) 
H. nodosum L. (H. pratense Huds.) 

H. murinurn L. 

H. marinum Huds. (H. maritimum With.) 

Klymus L. 

E. arenarius L. 

CONIFERAE 

CUPRESSACEAE 

J uniperus L. 

J. communis L. 

.1. sibirioa Burgsd. (.]. nana Willd.) 

TAXACEAE 

Taxu^s ].,. 

T. baccata L. 

PINACEAE 

Fin us L. 

P. sylvestris L. 

♦P. pina.stt'r Ait. (P. maritirna Lam.) 

*P. nigricans Host (P. nigra Link, noti Ait.) 

Larix Mill. 

♦L. decidua Mill. (L. eiiropaea DC.) 

Ficm A. Dietr. 

♦P, abies (L.) Karsten (P. (*xc«‘lsa (Lam.) Link) 
Ahits Mill. 

♦A. alba Mill. (A. ja-ctinata DC.l 

Pse lulots u ga C tirr . 

♦P. taxifolia (Poir.) Britt. 

PTERIDOPHYTA 

OPH lOG LOSSACEAE 

Boirychium 8\v. 

B. hinaria (L.) 8w. 

() ph iogloss u iu L. 

O, v'ulgatum L. 

(), lusitanieum L. 

OSMUNDACEAE 

Osmunda L. 

O. regalia L. 

MAR81LEACEAE 

Pilularia 1 ^. 

P. globulifera L. 

H\ MENO PH V LLAC E A E 
H y menophyUu m S in . 

H. tunbrigenae (L.) 8m. 

H. peltatum (Poir.) Desv. 

Trichomanes L. 

T, speciosum W illd. (T. radicans 8w.) 
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POLYPODIACEAE 

Pteridium Scop. 

P. aquilinum (L.) Kuhn 

Cryptogramma R.Br. 

C. crispa (L.) Hook. & Bauer (Alloeorus crispus 
(L.) Bernh.) 

Anogramma Link 

A. leptophylla (L.) Link (Gynmogramma lepto- 
phylla (L.) Desv.) 

Adianium L. 

A. capillus- veneris L. 

Blechnum Ij. 

B. spicant (L.) Roth 

Phyllitis Hill 

P. scolopendrium (L.) Newm. (Scolopendrium 
vulgare Sra.) 

Aspleiiium L. 

A. marinum L. 

A. trichoraanos L. 

A. viride Huds. (A. trichomanes-ramosum L.) 

A. obovatum Viv. (A. lanceolatum Huds.) 

A. adianturn -nigrum L. 

A. ruta-miiraria L. 

A. septentrionale (L.) Hoffm. 

Ceterach Garsault 

C. ofticinarum DC. (Asplenium ceterach L.) 

Athyrium Roth 

A. filix-femina (L.) Roth 
A. alpestre (Hoppe) Rylands 
A. flexile (Newm.) Syrne 

Cystopteris Bernh. 

C. fragilis (L.) Bernh. 

C. regia Desv. (C. alpina Desv.) 

C. dickieana Sim 

C. montana (Lam.) Desv. 

Woodsia R.Br. 

W. ilvensis (L.) R.Br. 

W. alpina (Bolton) S. F. Gray 

Dryopteris Adans. 

D. filix-mas agg. 

D. filix-mas (L.) Schott (Lastrea filix-mas (L.) 
Pres!-) 

D. borreri Newm. 

D. abbreviata (DC;) Newm. 

D. villarsii (Bell.) Woynar (Lastrea rigida Presl) 

D. cristata (L.) A. Gray (Lastrea crista ta (L.) Presl) 
D. dilatata (Hoffm.) A. Gray (Lastrea dilatata 
(Hoffm.) Presl) 

D. spinulosa (Miill.) Warr (Lastrea spinulosa (Mull.) 
Presl) 

D. aemula (Ait.) O. Kuntze (Lastrea aemula (Ait.) 
Brack.) 


Polystichum Roth 
P. lonchitis (L.) Roth 

P. setiferum (Forsk.) Woynar (P. angulare (Kit.) 
Presl) 

P. aculeatum (L.) Roth (P. lobatum (Huds.) 
Woynar) 

Thelypteris Schinidel 

T. palustris Schott (Dryopteris thelypteris (L.) A. 
Gray) 

T. oreopteris (Ehrh.) C. Chr. (Lastrea montana 
Moore) 

T. phegopteris (L.) Slosson (Phegopteris polypo- 
dioides F^e) 

Gymnocarpi uni New m . 

G. dryopteris (L.) Newm. (Dryopteris linnaeana 
C. Chr.) 

G. robortianum (Hoffm.) Newm. (Polypodium 
calcaroum Sm.) 

Polypodium L. 

P. vulgare L. 

SALVINJACEAE 

Azolla Lam. 

*A. filiculoides Lam. 

EQUbSETACEAE 

Kquiseturn L. 

E. tclmateia Ehrh. (E. maximum Lam.) 

E. arvense L. 

E. pratense Ehrh. 

E. sylvaticum L. 

E. palustre L. 

E. iluviatile L. (inch E. limosum L.) 

E. hyemale L. 

E. moorei Newm. 

E. trachyodon Braun 
E. variegatum Weber & Mohr 
E. wilspni Newm. 

LYCOPODIACEAE 

Lycopodium L. 

L. selago L. 

L. inundatum L. 

L. annotinum L. 

L. clavatum L. 

L. alpinum L. 

SELAGINELLACEAE 
Selaginella Beauv. 

S. selaginoides (L.) Link (S. spinulosa Braun) 
ISOETACEAE 

Jsoetes L. 

I. lacustris L. 

I. echinospora Durieu 
I. hystrix Durieu 
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APPENDIX 1* 

LIST OF BRITISH SPECIES OF RUBUS, AND KEY TO SECTIONS, SUBSECTIONS 
AND SERIES OF EUBATUS, SUPPLIED BY WM. WATSON 

Rubus L. 

Note. The first name in the line is the name adopted. Following it are given references to (i) a correct description, 
and wherever possible (ii) a figure of the plant (sometimes published under another name) in works likely to l>e 
the most easily accessible to British students. In a few instances a synonym in current use is aoded at the end of 
the line. Quoted names used in an incorrect application are printed in italics. An asterisk indicates that a ligurc 
will be found in the work cjuoted. 

Where the valid name is followed by ‘sp.nov.\ ‘comb.nov.’ or ‘norn.nov.’ those terms should in use be re- 
placed by ‘\V. Wats.’ 

In order not unduly to lengthen the list only widely distributed species are admitted, and the numerous 
dwarf genetic varieties are left out. It is not to be understood that omitted names are rejected. 

Subgen. CYLACTIS (Hafin.) Focke 
saxatilis Linn.; Hooker, p. 117; Syrne, t. 441. 

Subgen. CHAMAEMORI S Focke 
Ohamaemorus Linn.; Hooker, p. llfi; Syme, t. 440. 

Subgen. IDAEOBATUS Focke 
idaeus Linn.; Rogers, p. 1; Syme, t. 442. 

Subgen. G LAV CO BATIKS Duaiort. 
caesius Linn.; ligerinus Genev. Monog. f). 19; Coste, t. 1180. 
caesius Linn, var. arvalis Reich. FI. G. exc. p. 008; Sud. t. cevn, S, 

Subgcn. EUBATUS Focke 
Sect. 1. Si HERECTi R. d. Muell. 

nessensis W. Hall; subereotus Anders.; Rog. p. 21; Syme, t. 444; ♦('oste llod. 
scissus W. Wats.; Jibbus auett.; Rog. p. 20; Sud. t. ii; ♦Coste 1154. 
plicatus W. & N.; Rog. p. 22; *Sud. p, 18; FI. Dan. t. 2589. 

Bertramii G. Braun ex Focke; biformis Boul. p. 40; ♦Coste 1150. 

sulcatus V est ex Tratt. ; Rog. p. 21; ♦Coste 1158; ♦Sud. ji. 17. 

nitidus W. & N. ; Rog. p. 22; ♦Coste 1157; Sud. t. v. 1-0. 

fi.ssu.s Lindl. ; Rogersii Lint. Rog. p. 21; Sud. t. viri. 

integri basis R. d. Muell. in Boul., non Rog.; Boul. p. 42; ♦Sud. p. 20. 

subinU^gri basis Druce; integ. Rog. j). 24. non R. d. Muell. 

atlinis W. & N.; Rog. p. 23; Boul. p. 43; ♦Sud. p. 21; ♦Co.ste 1159. 

Briggsianus (Rog.) comb.nov.; attinis W', & N. var. Briggsianus Hog. p. 24. 

nobilissimus (W. Wats.) comb.nov.; opacus Focke subsp. nobilissiraus V\ . Wats, in d. B. 19.33. j>. 132; Sud. 
t. V, 9. 

subopacus Sud. in Bouv.; op. f. minor Focke Rog. p. 23. 

Sect. II. SrRENoEEiAM Focke 

Spnmgelii Weihe; Rog. p, 46; Boul, p. 46; ♦Coste 1161; FI. Dan. t. 1690, 1097. 
hemisttunon P. d. Muell, in Boul., non Rog.; Bab. Man.® p. 115; Boul. p. 47; ♦Sud. p. 33. 

Braeiickeri G. Braun.; Braeucker ‘292 Rubus-Arten’, No. 38. 

permundus nom.nov.; mundiflorus W. Wats, in Rep. BEC. 1937, p. 445, non Sud. 

chlorothyrsos Focke; Focke Syn. p. 263; *Sud. p. 36. 

Sect. III. SiLVATici P. d. Muell. 

Subsect, (a) Viresceyites Giuiev. 

Series Calvescentes Genev. p.p. 
castrensis W.-Dod. J. B. 1906, p. 63. 

chaerophyllus Sag. & W. Schultze; Rep. BEC. 1928, p. 784; ♦Sud. p. 27. 

Crespignyanus nom.nov.; similcktus W. Wats, in Rep. BEC. 1937, p. 444, non R. J. Muell. 

* Editorial ?io/c. Initial capitals for specific epithets have lH>en retained in this Appendix at Vlr \V aCson s 
request. Contributors to the Biological Flora are asked to note that they should use small initial letters 
throughout in their accounts. 
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lentiginosua Ed. Lees, Phyt. iv, p. 927; Bab. Man.® p. 115. 

polyoplus W. Wats.; perarmatus W. Wats, in Rep. BEC. 1930, p. 424; Salieri *Sud. p. 25, non Bab. 
horridisepalus (Slid.) comb.nov. ; chaeropliylhis var. horridisepalus ’•‘Sud. p. 28. 
chloophyllus ♦Sud. p. 45. 

calvatus Ed. Lees ex Blox. in Kirby; Rog. p. 35; Bab. B. R. p. 133; *Sud. p. 55. 
rhodanthus W. Wats. J. B. 1933, p. 224; rliomhifolius in *Rep. BEO. 1928, p. 858. 

monensis Bart. «fe Ridd; J. B. 1930, p. 184; 1933, p. 128; iMifolius *Sud. p. 26. laetus W. Wats, nec E. F. Lint, 
carpinifolius W. & N.; Rog. p. 26; Boul. p. 44; *Sud. p. 23; *Co8te 1160. 
rnercicus Bagn.; Rog. p. 33; Rep. BEC. 1929, p. 170. 

vulgaris W. & N. var. a viridis & N. ; Rep. BEC. 1930, p. 423; *Sud. p. 23. 

stanneua Bart. & Ridd. J. B. 1934, p. 231. 

nitidoides W. Wats.; Rep. BEC. 1931, p. 765. 

vulgaris W. & N. var. e mollis W. & N.; Focke Syn. p. 142. 

glanduliger W. Wats.; Rep. BEC. 1934, p. 794. 

eonfertiflorus W. Wats.; J. B. 1935, p. 193; holerythros Rog. p. 25, non Focke. 
grains Focke; Hog. p. 36; Boul. p. 56; *Sud. p. 26; *Co8te 1163. 

Lindleianus Ed. Lees; Rog. p. 28; *Sud. p. 56; *Co8te 1168. 

Queatierii L. & M.; Rog. p. 45; Boul. p. 47; *Sud. p. 39; *Co8te 1164. 

Bakeranus Bart. & Ridd.; J. B. 1935, p. 128. 

nemoralis P. J. Muell. ; Selmeri Lindeb. ; *Rep. BEC. 1928, p. 858; *8116. p. 24; Rog. p. 35. 

oxyanchus *Sud. p. 38; nemoralis Rog. p. 30, non P. J. Miiell. 

eainbrensis W. Wats.; nein. var. glabratus Rog. p. 31; Rep. BEC. 1929, p. 169. 

Maassii Focke; *Sud. p. 37. 

sentioosus Koehl. ; *8ud. p. 22; montaniis Wirtg., Focke Syn. 127, cf. 414. 

Series Macrophyll' Bouv. 

leucandrus Focke, Syn. p. 210; non Rog.; Sud. t. liiii, 6~8 (leucander). 

danicuB Focke ex F. & G.; Lange, Danske Fl,^ p. 780; *Sud. p. 29; purbeckensis Bart. & Ridd. 
orbifolius Let*.; Boul. p. 51; *Sud. p. 50. 

macrophyllus W. & N,; Rog. p. 43; Boul. p. 49; *Co8te 1166; ’^Sud. )). 48. 

piletostachys Gr. &. Godr. FI. Fr. 1, p. 548; Boul. p. 49. 

chrysoxylon (Rog.) comb.nov.; rnercicus aubsp. chrysoxylon Rog. p. 34. 

Salteri Bab.; B. R. p. 131, non Rog. 
ramosus Blox. ex Briggs; Rog. p. 37. 

subinermoides Druce ex Wats. *Rep. BEC. 1928, p. 859; macrophyllus Syme, t. 450; pulx^scens var. siibi- 
nermis Rog. p. 41. 

amplificatus Ed. Lees; Bab. B. K. p. 153, Man.® p. 120. 

Boulayi (Sud.) comb.nov.; mat rophyllus var. Boulayi Sud. p. 48. 

Series Pyramidales Bouv. 

mollissimus Rog,; hirtifolius var. moUissimus (Rog.), p. 49; *8ud. p. 29. 
eupectus (Sud.) comb.nov.; *Sud. p. 47; pyram. f. egl. Rog. p.p. 
crudelis W. Wats. ; d. B. 1933, p. 228. 

Schlechtendalii var. anglicus Sud. p. 50, 

hirtifolius P. J. Muell., non Rog.; Ixmdon Nat. 1929, p, 70; Maass in A. & G. FI. N-o. Deutsch. Flachl. p. 400. 
pyramidalis Kalt.; Hog. p. 50; Boul. p. 53; *Sud. p, 46; *Coste 1167. 

Series Nemorense^s Sud. 

silvaticus W. & N.; Rog. p. 41; Boul. p. 54; FI. Dan. t. 2904; *Sud. p. 51; *Co8te 1165. 

durescens W. R. Lint.; Rog. p. 29. 

egregius Focke; *Focke, R. E. p, 181; *Sud. p. 53. 

Subsect, (b) Diacoloroides Genev. 

Series Subvirescentes Sud. 

insularis Aresch.; Some Obs. p. 139; Lange, Danske FI.* p. 778; discolor, FI. Dan. t. 2414. 
iricus Rog. p. 49. 

macroacanthos W. & N.; *R. G. p. 44; A. & G. Syn. vi, p. 506; *Siid. p. 58. 

broensis nom.noy.; umbraticus Lindeb. (non Muell.) Hb. Rub. Scand. 11; villio. f. silyestris F. & G. 

Bot. Tidsskr. Bd. 16, p. 69. 

Gelertii K. Frid.; Rog. p. 56; *Sud. p. 55. 

septentrionalis nom.nov.; confinis Lindeb. (non Muell.) Hb. Rub. Scand. 12; Aresch. Some Obs. p. 142. 
atrocaiilis P. J. Muell.; PoUichia, 1859, p. 163; Boul. p. 57. 
incuryatus Bab.; B. R. p. 88; Rog. p. 27. 

Favonii nom.nov.; damn. var. transiens Sud., p. 47; Set. Br Rubi, no. 86 (Bere Wood), 
villicaulis Koehl.; Wimmer, FI. Schles.® p, 628; Rog. p. 34; ♦Coste 1169. 

Lahgei G. Jens, ex F. & G.; Lange, Danske Ff.* p. 778. 

Series Subdiscolores Sud. 

cryptadenes Sud.; Rep. BEC. 1930, p. 429; erythrinua Briggs, J. B. 1890, p. 204. 
rhombifolius Weihe; J. B. 1933, p. 225. 

pplyanthemos Lindeb.; *Sud. p. 61; *Rep. BEC. 1928, p. 857; puloherrimus Neum. Rog. p. 32. 
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aeparinuB Geiiev.; *Sud. p. 64; cissburiensis B. & R. J. B. 1931, p. 238. 
prolongatus Boul. & Let.; Corbiere FI. Norm. p. 203; *Co8te 1186; *Su(l. p. 62; griseoviridis Bart. & Ridd. 
acclivitatum nom.nov; argentatus var. clivicola A. l^y, J. B. 1896, p. 158; Rug. p. 40; argenteus var. 

clivic. Sud.; alt. var. gymnost. Sud.; clivicola (A. Ley) Drucc, non clivicolus Slid, 
hcrefordensis *Sud. p. 64; Rep. BEG. 1931, p. 763. pydarensis Rilstone. 

consobrinus (Sud.) conib.nov; villicaulis subsp. consobrinus Sud. Rub. Pyr. 4f); argenteus suhsp. (‘onsobriniie 
*8ud. p. 58. 

oplotbyrsus *Sud. p. 60; durnn. *Sud., p. 47; curvispinis W. Wats. 

Series Imbricati Sud. 

irnbricatus Hort; Rog. p. 26; Bab. B. R. p. 91; ’*‘Sud. p. 67. 
londinensis (Rog.) W. Wats, in Rep. BEG. 1937, p. 442. 

cardiopliyllus L. & M. ; Rog. p. 29; *Sud. p. 68; *Goste 1171; *Rep. BE(\ 1928, p. 856. 

Silurum (A. Ley) W. Wats.; nernoralis var. Silurum A. Ley, Rog. p. 31. 
diimnoniensis Bab. J. B. 1890, p. 338; Rog. p. 32; non Sud. 

rotundatus R. J. Muell. ex Genev.; *Siid. p. 41; carienstls Rog. p. 25; altiareuatus Bart. & Ridd. 

Lindelx*rgii P. J. Muell.; Rog. p. 33; *Sud. p. 84. 

errabundus norn.ncjv.; Srheufzii Rog., }>. 31 exel. syn., non Linde b. ; ’•‘Sud. p. 38. 

Sect. IV. Di.scoloke.s I\ J. Muell. 

Subsect, (a) Gypsocanlone^ I*. J. Muell. 

ulniifolius Schott f.; *(V)ste 1174; *Rep. BEG. 1928, p. 858; rusticanus Rog. p. 40; Boul. p. 60, 

Pseudo- bifrona (Sud.) Bouv. ; pr()piMquu8 var. Pseudo-bifrons Sud. p. 79; dfscolor Genev. Monog. p. 262. 
projiinquus J. Muell. in IVillichia 1859, p. 88; ’•‘Sud. p. 79. 

Winteri P. J. Muell.; Focke Syn. p. 196; Boul. p. 70; *Sud. p. 78. 

Subsect. (5) Uedycarpi Fock(‘ 

liifrons Vest, (w Tratt. ; Boul. p. 63; ’•‘Sud. p. 80; ’•'Goste 1173; nern. var. cornub. R. & R. 
vulneribcus Lef. ex (Teru'v. ein. Bouvet; Gorbiere FI. Norm. p. 201 ; *Sud. p. 83. 
cus{)idifer M. Jk. L. ; Gorb. 1. c.; ’•‘(‘oste 1179; *Su(l. p. 82. 

Subseet (r) Caridicantfs Fockt* 
neoinalacus *Sud, p. 90; Hoinet, Rub. do FAnjou, 2*^’' partie, p. 14. 
falcatus Kalt. FI. (1. Aach. Beck. p. 266; Foerster, FI. exe. Aachen, p. 94. 

Brittonii Bart. & Ridd.; J. B. 1931, p, 191. 

Sect. V. Vkstiti Focke 

Series V iresrentiw^ (Sud.), including series Ilebecaules Sud. }).p., comh.nov. ; type-species laslofftachys L. <fe. M. 
flavescens M. & L,; *Sud. p. 118. 
splendidiis M. <!t L.; *Sud. p. IK), 
polioclados VV^ Wats. Rep. BEG. 1928, p. 783. 
curvidens A. Ley; Rog. p. 57. 

lasiostaehys L. & M.; hirtior W. ^Vats. Re}). BEG. 1931, p. 764: surrejanus Bart. & Ridd. 
hebecaulis '•‘Sud. }). 123. 
hypomalacus Focke; *Sud. p. 30. 
serratulifolius *8ud. p. 122. 

Schmidelyanus ’•'Sud. p. 119. 

' ondensatus P. J. Muell.; '^Sud. p. 124. 

seiocharis (Sud.) conib.nov.; grains subsp. sciocharis ♦Sud. p. 26; seia|)hiliis Lange, FI. Dan. t. 3026; 
hirtifoUus, Rog. p. 48. 

Series Hypolfuci Sud. 

eifeliensis Wirtg.; Foerster FI. cxcurs. Aachen, p. 119; Schmidelyanus var. eifeliensis ♦Sud. p. 120. 
macrostachys P. J. Muell.; ♦Sud. p. 105. 

vestitus W. & N.; lencostachys Rog. p. 50 non Sm.; Boul. p. 88; ♦Goste 1187; ♦Sud. p. 101. 
andegavensis Focke ex Bouv.; ♦Sud, p. 104. 

leucostachys Sin.; Syme, t. 448; leucotrichus. Rep. BEG. 1927, }i. 503. 
acutidens Boul. & Gill.; ♦Sud. p. 104; Boul. p. 89. 
adscitus Genev.; ♦Sud. p. 110; hypoleucus Boul. p. 85; ♦Goste 1188. 
macrothyrsus Lange FI. Dan. t. 2832, non Rog.; ♦Sud. p. 112. 
consfHjrsua W, Wats. J. B. 1935, p, 255. 

Boraeanus Genev.; Boul. p. 87; ♦Sud. j). 110. 
criniger (E. F. Lint.) Rog.; Rog. p. 52. 

Wolley-Dodii (Sud.) conib.nov.; macrostachys inicrogene Wolk*V'Dodii ♦Sud. p. 106; Set. Br. Rubi, no. 89, 
Edge Park. 

adenanthus Boul. & Gill.; Rog. p. 53. 
cordifolius W. k N. ; * 811 ( 1 . p. 45. 

orbus nom.nov.; iricus var. minor R. & R. J. B. 1910, p. 318. 

podophyllus P. J. Muell.; ♦Sud. p. 108; Focke in A. & G. Syn. d. mittcleurop. FI. vi, p. 586; cinerosilorMiis 
Rilstone. 

conspicuua P. J. Muell.; ♦Sud. }). 104; Focke Syn. 296. 
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Sect, nova VI. Rotundifolii 

rotundifolius (Bab.) Blox. in Kirby; Drejeri, Rog. p. 62; FI. Dan. t. 3023; *Sud. p. 151. 
hibemicus (Rog.) comb.nov. ; Drejeri G. Jensen subsp. hibernicus Rog. p. 62. 
dunensis Rog.; Drejeri G. Jensen var. dunensis Rog.; J. B. 1901, p. 382. 

Leyanus Rog.; Drejeri G. Jensen subsp. Leyanus Rog. p. 62. 

Lettii Rog. J. B. 1901, p. 381. 

mucronifer *Sud. p. 112; mucronatus Rog. p. 55. 

mucronatiformis (Sud.) comb.nov.; hypomalacus subsp. mucronatiformis *Sud. p. 30; mucronatus Blox. var. 
midjcaulis Rog. p. 56. 

cinerosuB Rog. p. 54; apiculatus Weihe var. clnerosus *Sud. p. 133. 
mucronatoides A. Ley J. B. 1907, p. 446; Rog. p. 55. 
bracteosus Weihe; ♦Sud. p. 30; orthoclados Rog. p. 47. 
fuscicortex *Sud. p. 114; podophyllns Rog. p. 67, non 1*. J. Muell. 

Sect. VII. Radulae Focke 

Series Micantes Sud. 

Radula Weihe; Rog. p. 63; Boul. p. 89; ♦Coste 1184; *Sud. p. 127. 
aspericaulis L. & M. ; Boul. p. 90; *Sud. p. 129. 
sectiramus W. Wats. London Nat. 1932, p. 60. 

discerptus P. J. Muell.; ♦Coste 1191; ♦Sud. p. 132; ♦Rep. BEG. 1928, p. 861; echinatus Rog. p. 64. 
echinatoides (Rog.) Druce; radula subsp. echinatoides Rog. p. 64; ♦Sud. p. 129; ♦Rep. BEG. 1928, p. S60. 
Genevierii Bor.; Boul. p. 91; *Sud. p. 131; ♦Goste 1190. 
cenomanensis ♦Sud. p. 113. 

rudis Weihe; Rog. p. 65; Boul. p. 98; ♦Goste 1194; ♦Sud. p. 166. 

pulcher M. & J^. ; Boul. p. 90; ♦Sud. p. 136; festivus Rep. BEG. 1929, p. 168. 

radulicaulis Sud.; mrtifiorus Rog. p. 64; Radula Syrne, t. 452. 


Series Concolorps Slid. 

regillus A. Lev; Rog. p. 67. 

micans Gren. & Godr. FI. Fee. i, p. 546 (non Rog.); ♦Sud. p. 134; ♦Goste 1183. 
grauulatus M & L.; *Sud. p. 139; oigocladus var. Bloxainianus Rog. p. 66. 

rhenanus P. J. Muell.; thyrmflorus VVirtg. FI. d. preussisch. Rheinpr. pp. 148, 158., non Weihe & Nees. 
prionodontus L. & M. ; Boul. p. 94; ♦Sud. p. 143; radula var. cantianus W. Wats, in Rep. BE(\ 1931, p. 767. 


Sect. VIII. Apicitlati Focke 

Series nova Folios I 

foliosus Weihe; Focke Syn. p, 330; ♦Sud, p. 145. 

hexuosus M. & L. ; ♦Sud. p. 146; saltuum, * Rep. BFIG. 1928, p. 862; foliosus Rog. p. 78; ♦Goste 1206. 

corymbosus P. J. Muell.; Boul. p. 95; *Sud. p. 145. 

homalodontus P. J. Muell & Wirtg,; ♦Sud. p. 147. 

cavatifolius P. J. Muell,; Rog. p. 71; ♦Sud. p. 147, 

acutipetaluH L. & M.; Boul. p. 95; ♦Sud. p. 143. 

drymophilus M. & L.; ♦Sud. p. 154. 

fuscus Weihe, non Rog.; Focke Syn. p. 339; ♦Slid. p. 142; ♦(xiste 1189. 
rubristylus W. Wats. Rep. BEG. 1936, p. 220; Newbouldii Rog. p. 66., non. Bab. 

Sagittarius Ridd.; mutabilis subsp. nemorosus, Rog. p. 72. 

Bloxamii Ed. Lees; Rog. p. 72; Bab. B. R. p. 169; ♦Sud. p. 154. 

Menkei Weihe; Weihe & Nees R. G. p, 66; ♦Goste 1197. 

chlorocaulon (Sud.) comb.nov.; pallidus subsp. chlorocaulon ♦Sud. p. 154. 

Adamsii Sud.; fuscus var. Adamsii Sud.; Babingtonii var. phyllothyrsus (Frider.) Rog. p. 70, 

Series nova Pallid i 

pallidus Weihe; Rog. p. 74; Boul. p. 93; ♦Sud. p. 153. 
euryanthemus nom.nov.; pallidus var. leptopetalus Frid. ex Rog. p. 75. 

Loehri Wirtg. FI. Rheinpr. p. 162; Focke Syn. p. 328; Sud. t. CLI, 1-4. 

insectifolius L. & M. Pollichia 1859, p. 176; Boul. p. 95; f. var. nutans Rog. p. 74; nuticeps Bart. & Ridd. 
foliolatus M. &. L. Pollichia 1859, p'. 212; Sud. p. 155. 
largificuB W. Wats. Rep. BEG. 1931, p. 766. 
acutifrons A. Ley; Rog. p. 90. 

laxatifrons nom.nov.; acutifrons var. amplifrons A. Ley, J. B. 1902, p. 69, non R. amplifrons Sud. 
glareosus Marsh, ex Rog. J. B. 1912, p. 309; *Rep. BEG. 1928, p. 861. 

Rilstonei Bart. & Ridd., Proc, Gotteswold Club, xxiv, p. 213. 
brachyadenes P. J. Muell.; ♦Sud. p. 161. 

acidophyllus Sud. (nom.emend.); aciophyllus Sud. Diagn. p. 40; aciphyllus ♦Sud, p. 156. 
fusciformis Sud. p. 154. 

Lintoni Focke ex Bab.; Rog. p. 76; ♦Sud. p. 140. 

cyclophorus (Sud.) comb.nov.; melanoxylon microgene cyclophorus ♦Sud. p. 165. 
moi'ganwgensis Bart. & Ridd. Proc. Gotteswold Club, xxiv, p. 218. 



Check list of British vascular plants 


341 


Series nova Scabri 

scaber Weihe; *Sud. p. 193; *€oste 1201. 

raicrodontiis M. & L. ; J. B. 1935, p. 197; conspectus Genev. p.p. 

curtiglandulosus (Sud.) comb.nov.; tereticaulis subsp. curtiglandulosus ♦Sud. p. 196. 

derasus L. & M.; "‘Sud. p. 146. 

vallisparsuB "“Sud. p. 168. 

praetextus *Sud. p. 171. 

thyrsiflorus Weihe; "“Sud. p. 152; d. B. 1937, p. 201. 

longithyrsiger Ed. Lees ex Bab. B. R. p. 231; Kog. p. 77; "“Sud. p. 146. 

botryeros (Focke ex Rog.) Focke; Jongithyrsiger var. or subsp. botryeros Focke ex Rog., R^>g. p. 7 7. 

Series nova Ohscuri 

obscurus Kalt. ; ^Sud. p. 156; Foerster, FI. excurs. Aachen, p. 122. 

cruentatus P. J. Muell. Pollichia, 1859, p. 294; Foerster, FI. excurs. Aachen, p. 121. 

erraticus "“Sud. p. 158. 

entomodontos P. d. Muell.; *Sud. p. 157. 

obscurissimus "“Sud. p. 159. 

Purchasianus (Rog.) Dnice; Hog. p. 80. 
insericatus P. J. Muell.; "“Sud. p. 148. 

hyposericeus "“Sud. p. 150; f. var. macrostachys Rog. p. 74 ; fuseoviridis Rilstora^ 
rhombophylluB M. & L. Pollichia, 1859, p. 175; *8ud. p. 148. 

Gravetii (Boul. ex Sud.) comb.nov.; insericatus subsp. Gravctii Boul. ex Sud., "“Sud. p. 149 
adornatiformis (Sud.) Bouv.; ♦Sud. p. 150; rosaceuSy Genev. Monog. p. 140. 
scabripes Genev. Monog. p. 94; Sud. p. 179. 

rufescens L. & M.; "‘Sud. p. 181; "‘Rep. BEC. 1928, p. 863; rosaceua subsp. infeeundus Rog. p. 80- rosaceus 
Bab. Man.® p. 122. 

Series nova I ncomposili 

sertihorua P. J. Muell. ex Genev. moneiiU* Boul. (non Rog.); Sud. p. 131; Genev. Monog. p. 164. 
spuriuB Neum. ; infestus auctt. non W. & N.; Rog. p. 59. 

ahenifolius noni.nov.; dentatifolius W. Wats. London Nat. 1930, p. 73, non Briggs. 
aj)iculatus Weihe; "“Sud. p. 132; anglosax. Rog. p. 57. 

euanthinus nom.nov. ; anglosaxonicus subsp. vestitiforinis A. Ix^y ex Rog., Rog. p. 58. 
raduloides (Rog.) Druce; anglosaxonicus subsp. raduloides Rog., Rog. p. 58. 
licterobeliis *Sud. p. 139; praeruptorum Rog. d. B. 1892, p. 301. 
tardus W. Wats. Rep. BEC. 1934, p. 794. 

Grifhthianus Rog. in Griff.; Rog. p. 68; *Sud. p. 132. 
inelanoxylon Muell. & Wirtg., non Rog.; "'Sud. p. 164. 
nielanodermis Focke; Rog. p. 69; tumulorum Rilstone. 

dentatifolius (Briggs) W. Wats.; Borreri var. dentatifolius Briggs, l^og. p. 61. 
vecU^risis W. Wats, in J. B. 1937, p. 197; Borreri Rog. p. 61; *Sud. p. 120. 
pascuoruin nom.nov.; Borreri var. virgultorum Rog. p. 60. 

phaeocarpus W. Wats. d. B. 1937, j). 157; Babingtonii, Rog. p. 69; *Sud. p. 151. 

Sect. IX. Granoifoui Focke 

Lt'jeunei Weihe; "“Sud. p. 177. 

Moylei Bart. & Ridd.; Lej. var. ericet. Rog. p. 71. 

Turneri W. Wats. d. B. 1937, p. 158. 

furvicolor Focke, R. E. p. 440; melanox. Rog. p. 59. 

hostilis Muell. & Wirtg.; ♦Sud. p. 174; Foerster FI. excurs. Aachen, p. 134; London Nat. 1934, p. 69. 

fc'stivus Muell. & Wirtg.; Focke Syn. p. 314. 

diversus W. Wats. Rep, BEC. 1927, p. 508; Kali. Rog. p. 88. 

Leightoni Ed. I..ee8 ex l..eight. FI. Shropsh. p, 233; anglic. Rog. p. 63; ericet. ♦Sud. p. 128. 
breconensis nom.nov. ; Lejennei Rog. p. 70. 

hastiformis nom.nov^; thyrsiger Bab., non Banning & Focke; Rog. p. 76. 
rosaceus Weihe, non auctt.; *Rep. BEC. 1928, p. 862; London Nat. 1932, p. 64. 

Powellii Rog. p. 81. 

formidabilis L. & M.; ♦Sud. p. 178; Andersonii Rep. BEC. 1927, p. 499. 
inutabilis Genev., non Itog.; ♦Sud. p. 176. 

Naldretti (d. W. White) comb.nov^.. Rep, Wats, BEC. 1997, p. 86; Koehleri Syine, t. 453. 

Wedgwoodiae Bart. & Ridd. Proc. Cotteswold Club, xxiv, p. 212; inut. var. Regnorum W. \\ ats. Rep. BEC. 
1930, p. 437. 

angusticuspis Sud.; anglosaxonicus subsp. setulosus Rog. p. 58. 

Hieruii Ridd. FI. Devon, p. 281 ; hirtus var. rotundifolius Rog. p. 88. 

Sect. X. Hystrices Focke 

Hystrix Weihe; W. & N. *R. G. p. 92; Focke Syn. p. 347; ♦Sud. p. 180. 

hylooharia nom.nov.; rosaceus var. silvestris Murray ex Rog. in d. B. 1894, p. 47; Murray, FI. Sorn, p. 116, 
1896; Set Brit. Rubi no. 99 (Porlock). 
hypochlorus ♦Sud, p. 176; Bouv. 1. c. m*"® partie, p. 17. 
semiglaber (Rog.) comb.nov.; Marshalli var. semiglaber Rog.; Rog. p. 84. 
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Marshalli Focke & Rog.; Rog. p. 84. 
fusco-ater Weihe; Rog. p. 82; *8ud. jj. 172. 
absconditus L. & M. ; *8ud. p. 173. 

adornatua Muell. in Wirtg.; Boul. p. 102 noil Rog.; *Sud. p. 173. 

dasyphyllus Rog. p. 83; *Rep. BE3C. 1928, p. 863. 

huniifiisua Weihe; W. & N. *R. G. p. 84; *Sud. p. 204. 

infeatua Weihe non auctt. ; W. & N. *R. G. p. 77; London Nat. 1930, p. 71. 

newbridgenais Bart. & Ridd.; J. B. 1936, p. 204. 

spinulifer M. & L.; Boul. p. 105; *Sud. p. 185. 

ochrodermia A. Ley; Rog. p. 91. 

pygmaeua Weihe; *Sud. p. 187. 

pygmaeopaia Focke Syn. p. 364; Sud. p. 186; Foerst. 1. c. p. 141. 

apricua var. aparaipilua W. Wata. London Nat. 1934, p. 62; apricMs Rep. BKC. 1927, p. 502. 

Murrayi Sud. ; adornatm Rog. p. 80. 

apinulatua BouJ.; *Sud. p. 185; setiger London Nat. 1930, p. 70. 

Hartmani Gand. ex Sud. in Gand.; fusco-ater aubap. Hartmani (Gand.) *Sud. p. 173; horridus Hartm. 

Handb.^i p. 282; FI. Dan. Suppl. t. 77; Areach. 1. c. p. 118. 
pilocarpus Gremli Beitr. FI. Schw. p. 42; FI. Switz. p. 135; obtruncatus subsp. pilocarpus (Gremli) ’•‘Sud. 
p. 177. 

adenolobus W. Wats. London Nat. for 1934, p. 61; R. Koehl. var. cogn. (N. E. Brown) Rog. p. 83. 


Sect. XI. Glandit^osi P. J. Muell. 

Series nova Feroces 

Schloicheri Weihe; *Sud. p. 198; *Co8te 1200. 
disaectifolius ♦Sud. p. 200. 

viridis Kalt. FI. Aachen, p. 284; Foerst. 1. c. p. 144. 
ariatisepalua (Sud.) conib.nov. ; velatus Rog. p. 92, non Lef. 

Series nova imbelles 

Durotrigum R. P. Murr. d. B. 1892, p. 15; Rog. p. 85. 
anguatifrons Sud.; serpens subsp. angustifrona ♦Sud. p. 217. 
vepallidus (Sud.) coinb.nov.; serpens subsp. vepallidus ♦Sud. p. 217. 
hylonomua L. & M, ; serpens microg. hylonomua (L. & M.) ♦Sud. p. 219. 
leptadenea Sud. in Gand.; serpens aubap. leptadenes (Sud, in Gand.) ♦Sud. p. 219. 
hirtus W. & K.; ♦Sud. p. 221; Boul. p. 121; Focke Syn. p. 371; ♦Coste 1205. 
pallidisetus Sud,; dimxiraniv.s Rog. p. 86. 

perplexua P. .1. Muell. in Wirtg.; Kaltenbachii Focke Syn. 375, non Rog.; Foerst. 1. c. p. 148; hirtus aul)sp. 
Kaltenbachii (Metach) ♦Sud. p. 228. 

Bellardii Weihe; Rog. p. 86; ♦Sud. p. 206; FI. Dan. t. 1696; ♦Coste 1204. Syme, t. 454 gLandulosus. 


Sect. XII. CoiiYLiFOLii Focke 

Series Sub-Silvatici Focke 

latifolius Bab. B. R. p. 94; Man.^ p. 117; J. B. 1930, p. 184 (non Rog.). 

Balfourianus Blox. ex Bab.; Bab. B. R, p. 255; Man.'** p. 128; Rog. p. 96; *8110. p. 237. 
umbelliformia M. & L.; Sud. p. 238. 
semipyramidalia ♦Sud. p. 237. 

Warrenii Sud.; durnet. var. concinnus Rog. p. 95, 

Series Sub- Discolor es Focke 

sublustria Ed. l^ees; Rog. p. 96; Bab. Man." p. 129; Syme, t. 455. 

conjungena (Bab.) W. Wats.; Bab. B. R. p. 265; Man." p. 129; Rog. p. 96; ♦Rep. BEC. 1928, p. 865. 
Walilbergii Arrhen.; ♦Sud. p. 239. 

Series nova Sub-Radulae 

raduliformia (A. Ixiy) W.Wats.; J. 1904, p. 120. 
cuspidatua P. J. Muell.; ♦Sud. p. 247. 

adenoleucus Chab. Et. specif, du g. Rubus p. 358; Sud. t. ccxi, figs. 1, 2. 

Babingtonianus nom.nov. ; althaeif. Bab. non Host B. R. p. 274; Man." p. 129. 

Series Sub-Glandulosi Focke 

tuberculatus Bab. B. R. p. 280; Rog. p. 94; J. B. 1870, t. 106, 
rubriflorus Purch. ; Rog. p. 94. 

tenuiarmatus Ed. Lees in Phyt. iv, p. 818; dumet. var. triangularis A. Ley in J. B. 1902, p. 70. 
myriacanthus Focke; diversifoliua Rog. p. 93; J. B. 1870, t. 107. 
scabrosus P. J. Muell.; dumet. var. ferox Rog. p. 93. 
britannicus Rog. p. 93. 
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A. & G. 
Bab. B. R. 
Bab. Man.” 
Boul. 

(k)ste 
FI. Dan. 
Focke Syn. 
Foerst. 
Hooker 
Phyt. 

Bog. 

Syrae 

Slid. 


Authors Quoted 

P. Ascherson and P. Graebiier, Synopsis der Mitteleuropdischen Flora, Band vi {!). 
C. C. Babington, The British Rubi, 

C. C. Babington, Manual of British Botany, 9th ed. 

N. Boulay in Houy et Camus, Flore de France, tome vi. 

N. Boulay in Coste, Flore de la Frarwe, tome ii. 

Oeder and others, leones Florae Danicae. 

W. O. Focke, Synopsis Ruhorum Gemnaniae. 

Dr Foerster, Flora excursoria Aachen. 

J. D. Hooker, The Students Flora of the British Islands, 3rd ed. 

The Fhytologist. 

W. M. Rogers, Handbook of British Rubi. 

English Botany, 3rd ed. by J. T. Boswell Syme. 

H. Sudre, Rubi Europae. 


Key to sections of Eubatus 

Lateral or basal Its. sess. or suhsess. Stip. often broad, lin.-lanc. Pks. usu. pat. (Drupelets often large and in 
j)art defective. FIs. usu. from late May or early June till Sept. In some respects recalling R. caesius.) 

Cokvlifolii 


Stetn not rooting, suberect or high-arching, glabrous or sli. j)il. Pan. simple or hardly compound. Sep. green 
outside. (Rootstock often creeping or roots suckering. Ls. often 7-nate, falling in aut. FIs. in late May 
and June.) Si berecti 


Stem rooting, 

1. Stem pks. subequal, seated on or near the angles. 

(a) Stkd. gls, acic. and pkts. inconspicuo 2 is, rare or wanting. 

1. Eglandr. Ls. (vhite or gyish-vvhite ben, becoming subcoriaceous. Sep. rejL FIs. showy. 

Discolores 


2. Sli. glandr. Stem slender, procumlH*nt or climbing. Ls. thin, green, gyish. or gyish.- white ben. FIs. 

small ( <2 cm.), or larger and crumple<l. Sep. pat. or clasping. Stain, short. SpREyoELiAM 

3. Sli. glandr, or eglandr. Ls. thin green gyish or gyish-white ben. FIs. usu. large. Sep. retl., pat., 

or erect. Siam. usu. long. Silvatici 

{b) Fkts. conspicuous, rather fqt., stkd. gls. and acic. few. Flani usu. a good deal hairy. A’estiti 

(c) Stkd. gls. acic. (and usu. pkts.) numerous. 

1. Stkd. gls. acic. and pkts. short and subequal on tlie stem, sli. less so on petio. pet iol ides and pan. 

Radi'i.ae 

2. Stkd. gls. acic. and pkts. evidently unequal. 

(a) Stkd. gls. acic. and |)kt8. often few on the stem, esp. on the lower part. Terminal It. often roundish 
cuspidate, rather finely evenly toothed. Roti ndifolii 


()3) Stkd. gls. acic. and pkts. numerous, mod. unequal but not passing into pks. Pan. usu. broad, 
equal, truncate. AricrLATi 


II. 


(y) Stkd. gls. acic. (and pkts. if j^resent) more unequal but still not passing into pks. Pan. well 
developed, often pyramidal and ending in a raceme. Sep. attenuate, leafy-a})pendiculate. 

Gramjifolu 

Pks. -very unequal, scattered all round the stem, u.su. pa.s8ing into acic, or stkd. gls. 

(a) Stem angled, low -arching then procumlient. with some pks. strong-based. Pan. well developed, middle 
branches cymose. FJs. usu. shoviy, often pink. Hystrices 


(6) Stem blunt-angled or terete, usu. prostrate. Pks. often weak and resembling acic. Pan. small, middle 
branches racemose, often divided to base. Pet. usu. white, narrow, rather small. GlaNdx losi 


Sect, Sii.VATtoi 


Key to subseciions and series of FJubatus 


Ls. mostly green ben. Sep. erect, pat. or refl. Sub.sect. V irescentes Genev. 

Strongly armed. Stem and Is. glabrescent. Calve scented, 

Mod. armed. Stem, Is. and pan. pil. 

Ls, softly hairy or pubesc. ben. at first, afterw’ards iglabresc. Rather weakly armed. Macrophylli 

Ls. thick, abundantly, bifariously pil. on the veins ben. More strongly armed. Pyramidales 

Weakly armed. Pks. subulate or acicular, small. Kemoren.ses 

Ls. markedly greyish-white ben. Strongly armed. Discoloridcs 

Stem with crisp, pat. hair. Pks. strong and long, subuL-lanc., often sli. sigmoid or ascending. Ls. pubesc. 
and/or ± felted ben. Subrircscentes 

Stem pil. or glabr. Pks. mod. long. Ls. more closely felted ben. Usu. sparsely glandr. Subdiscolores 

Stem glabr., or nearly so. Pks. pat. or sli. ascending, slender. Eglandr. Jmhricati 
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Sect. Discolobes 

Stem arcuate-procumbent, usu. red or purp., perennial. 

Stem pruin. di scaly and waxed on the side turned towards the sun. Stam. long or short. Gypsocauloiies 
Stem epruin. Pan. often subpyram. Stam. long. (Plant often robust.) Hedycarpi 

Stem tall arcuate, usu. sulc., usu. green, often biennial. 

Stem epruin. Ls. silvery greyish white felted ben. (rarely greenish grey) and often somewhat sUky or velvety. 

Candicantes 

Sect. Vestiti 

La. green ben. (upper ones sometimes gyish. ben.) 

Ls. grey or white, felted, and pubesc. or pii. ben. 

Sect. Radulae 

Ls. ±grey or white ben. Micuntea 

Ls. green ben. (upper ones sli. grey ben.) Concolorea 


Series Vireacentea Sud. 

Hypoleuci 


Sect. Apiculati 

Pet. white or pinkish (rarely pink). Stam. wdiite. Sty. often red. 

Pan. and usu. stem pil. 

Sep. refl. or pat. (rarely some erect). Pedunc. sometimes fasciculate or deeply divided. Folioai 

Sep. uniformly clasping. Pallidi 

Pan. and stem shortly pil. pubesc. or felted. 

Stem and hg. branch pks. short. Ls. 3 (5)-nate, evenly, min. to mod. serr.-dent. Sep. pat. to erect. 

Scabri 

Pet. (and often stam. and sty.) pink or rose. 

Pan. rac'his often pil. -hirsute. Obscuri 

Pet. rose, pink or pinkish (rarely white). Sty. greenish, yellowish or pinkish. 

Stem, armature in some spp. scanty. Pan. pks. in some spp. very long or very short, or very hooked. 
Pan. branches not fasciculate. Ls. not all, nor mostly, 3-nate, nor min. toothed. Incompimii 

Sect. Glandulosi 

Pks. strong, often curved, on a strong, broad base. Ferocaa 

Pks. weak, on a ± conical base. Imhelha 


Sect. CORYLIFOLII 


Characters of /?. cxiesiiis mixed with those of sect. Sjlvatici 

„ „ „ „ Di.scolobes 

„ „ „ „ Radulae 

„ „ „ „ Hy8triue.s or Gi.andulosi 


Sub-Silvatici 
Sub^Discohrea 
Sub-Fadidae 
S ub-Glandidoai 


Notes, (i) The colour of the parts of the Hower must be observed through a lens on the opening flower, as the 
colour quickly fades after expansion. 

(ii) Descriptions of the posture of the sepals always relate to the temporary stage reached soon after tlie i)etals 
fall from the flower and the carpels begin to swell — not to the posture during flowering, nor on the coloured 
fruit. 

Latin diagnoses of the new Section and Series in the List are appended, in compliance with the international 
rules. 

8ectio nova Rotundifolii. Typus, R. rotundifoliua (Bab.) Blox. in Kirby. Aculei sat aequales. Glandulae 
stipitatae, aciculi, aculeolique inaequales, nonnunquam ad inferum turionem rariores vel subnulli. Foliola 
plerumque subrotunda vel obovata, tenuiter serrata. 

Sectio Apiculati Focke. 

Series nova Folioai. Typus, R. folioaua Weihe. Petala alba vel dilute rosea, raro rosea. Stamina alba. Styli 
saepius rubri. Panicula turioque hirsutae. Sepala reflexa vel patula, interdum in parte erecta. Pedunculi saepe 
fasciculati vel saltern alte divisi. 

Series nova Pallidi. Typus, R. pallidua Weihe. Ut in Folioaia, sed sepala semper mox erecta. 

Series nova Scabri. Typus, R. acaber Weihe. Flores ut in Folioaia, petala pro more alba. Panicula turioque 
pubescentes vel tomentosae. Aculei breves. Foliola regulariter minute vel mediocriter serrata dentata. Sepala 
patula vel erecta. 

Series nova Obscuri. Typus, R. obacurua Kalt. Flores speciosi. Petala saepe cum stam ini bus stylisque rosea. 
Panicula vulgo piloso-hirsuta. 

Series nova Incompoaiii. Typus, R. apicvlatua Weihe. Flores vix sane speciosi, sed petala plerumque dilute 
rosea vel roseola, raro rosea. Turionis arma interdum pauca. Paniculae aculei aliquando longi i patentes, oli- 
quando breves, aliquando uncinati. Pedunculi baud fasciculati, nec foliola unquam ut in Scabria. 

Sectio Glandulosi P. J, Muell. 

Series nova Ferocea. Typus, R. Schleicheri Weihe. Aculei validiores, basi lati compressi. 

Series nova ImbeUea. Typus, R. hirtua W. & K. Aculei debiles, basi vix compressi. 

Sectio Corylifolii Focke. 

Series nova Sub-RaduUie. Typus, R. adenokucua Chab. Aculei subaequales; glandulae stipitatae aciculique 
breves i: ere bri, sicut in Radvlia. 
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APPENDIX 2 

LIST OF BRITISH SPECIES OF HIERACIUM, EXTRACTED FROM 
H. W. PUGSLEY’S MONOGRAPH NOW AWAITING PUBLICATION 

Hieracium L. 

Su bgeniiH E IJ -111 ERA Cl IJ M 


PhylUjpoda 

Sect. A mplericaulia 

H. amplcixicaule L. 

H. pulmonarioicJes V'ill. 

H. speluiicarurn Arv .-Tonv. 

Sect. Alpitia 

H. alpinum L. 

H. hoioHericeuni Backh. 

H. groveaii Pugal. 

H. eximium Backh. 

H. caiendulill(>rum Backh. 

H. inacrooarpuni Pugsl. 

H. graniticolum W. K. Lint. 

H. gracileiituin Backh. 

H. globosifloruni [*ug.sl. (globosuni Backh., non 
I>eaf. ) 

H. pHcudopctiolatuni (Zahri) IvoUcy (i»ctio- 
latuin Hanb.) 

H. backhouHci Hanb. 

H. psoudociirvatuin (Zahn) Png.sl. ( nigrc.sccn.s 
Backli. non Willd.) 

H. nigrcscon.s W'illd. 

H. haribnryi Pug«l. (chrysant hum Backh., non 
Lc<ieb.) 

H. subgracilentipcs (Zaiin) Itofb'v 

Sect. Sahalpiyui 

H. lingiilatuin Backh. 

H. molybdochrouin Dalilst. 

H. marshallii Jant. 

H. creinnanthcs (Hanb.) Pug.sl. 

H. simians Hanb. 

H. sencsccns Backh. 

H. ]).seudangliciim Pugsl. 

H. gracilifoliurn (Hanb.) Pugsl. 

H, siibrnurorum Lindbg. 

H. curnbrionse Hanb. 

11. ccntripct.alc Hanb. 

H. hyparctit oidcs Pugsl. 

H. isabclUc F. S. Marsh. 

H. caUi.stophyllum Hanb. 

H. dasythrix (Lint.) Pugsl, 

Sect. Cpritilhea 

H. angliciim Fr. 

H. brigantum (Hanb.) Boffey 
H. ebudicum Pugsl. 

H. hebridense Pugsl. 

H. ampliattiin (W, B. Lint.) Lev 
H. petroeharis (Lint.) W. B. Lint. 

H. langwellense Hanb. 

H. floceulosum Backh. 

H. shoolbi^dii E. 8. Marsh. 

H. iricum Fr. 

H. scarpicum Pugsl. 

J. Ecol. 33 


Sect. Oreudea 

H. Jirna Hanb. 

H. Jasiophyllum Koch 
H. eustornon (Lint.) Roffey 
H. sehinidtii Tausch 
H. leyi Hanb. 

H. nitidiim iiackh. 

H. basicrinurn (Zalin) BoHey 
H. somrnerfeltii Lindbg. 

H. carneddorum Pugsl. 

H. argenteum Fr. 

H. vagense Ley 
H. cambricum (Baker) Hanb. 

H. griffithii Hanb. 

H. deganwyense Pugsl. 

H . bugl o.ssoid es A r v . - To u v . 

H. -coticum Hanb. 

H. chlorunthuin Pugsl. (pseudonosrnoideB 
W. B. Lint.) 

H. beebyanutn Pugsl. 

H. oriinelcs Hanb. 

Sect. Suh-Orpadea 

H. rubifunduin Hanb. 

H. ealedonicum Hanb. 

H . pseudorepanduin Pug.sl. (repandum Ley, non 
Schrank) 

H. riddelsdellii Pugsl. 

H. basaltic olurn Pugsl. 

H. jovimontis (Zahn) Bolley 
H. cyathis (i..ey) W. B. Lint. 

H. liyj>ochaeroides (Hibson 
H. subplanifolium Pugsl. 

H. britannicuru Hanb. 

H. dasypoduin Dahlst. 

H. britannit itornie Ihigsl. 

H. (‘lovense Lint. 

H. fratrum Pugsl. (sordidum \\’. B. Lint., non 
Gillic'.s) 

Sec't. V nlgnin 
Subaect. Bifida 

H. ]>achyphylium (Purc ha.s) Williams 
H. sanguineum (Ley) W. B. Lint. 

H. tricolorans (Zahn) Pugsl. 

H. subeyaneum (W. B. Lint.) Pugsl. 

H. silvatieoides Ihigsl. 

H. maeuloauin Dahlst. 

H. p.seudo-sarcophylluni Pugsl. 

H. anguinum (W. B. Lint.) Boflby 
H. neocoracinuni Pugsl. 

H. prolixum Norrlin 
H. subtenue (W R. Lint.) Boft'ey 
H. aggregatuTn Backh. 

H. oxyodus W. R. Lint, emend. 


23 
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J^ubsect. Stellati folia 
H. cillonse Pugsl. 

H. cymbifoliuin Purchas 

Subsoct. Glandulosa 

H. praeoox Schultz- Bip. 

H. duriceps Hanb. 

H. killinense (Zahn) Roffey 
H. praetenerum Alinq. 

H. pellucidum Laest. 

H. stenstroemii Dahlst. 

H. exotericum Jord. 

H. ciineifrons (Ley) Pugsl. 

H. pulcherriiuum (Hanb.) Roffey 
H. itunense Piigsl. 

H. poUinariuin Hanb. 

H. pictorum Lint. 

H. pollinarioides Pugsl. 

H. caliginosuni (Dahlst.) Roffey 
H. subprasinifoliurn J*ugsl. 

H. pseudo-stenstroeniii J’ugsl. 

H. Jongiloburn Dahlst. 

H. semi-crassiceps Pugsl. 

H. ciliatifiorum Pugsl. (ciliatum Almq., non 
Willd.) 

H. varii(!olor Dahlst. 

H. dipteroides Dalilst. 

Subsect. Sagiitaia 

H. oistophyllum Pugsl. (sagittaturn Lindbg., 
non H. & L.) 

H. pycnodon Dahlst. 

H. subhirtuin (Hanb.) Pugsl. 

H. rivalo Hanb. 

H, uisticolum Pugsl. 

H. breadalbanense Hanb. 

H. ere bridenti forme Pugsl. 

H. auratiflorum Pugsl. 

H. lintonii Ley 
H. euprepes Hanb. 

H. oroadense W. R. Jant. 

H. divioolum (Hanb.) Pugsl. 

Subsect. Caesia 

H. angustatum Lindbg. 

H. rhomboides (Stenstrorn) dohanss, 

H. melanochloricephalum Pugsl. 

H. stenophyes W. R. Lint. 

H. vennieontium Pugsl. 

H. anfractiforme E. S. Marsh. 

H. caesioinuroruni Lindbg. 

H. dissimile Lindbg. 

H. subramosum Lonnroth 
H. orarium Lindbg. 

H. cravoniense (Hanb.) Roffey 
H. riibiginosum Hanb. 

H. caesiopilosum Pugsl. 

H. decolor Ley 
H. fulvocaesium Pugsl. 

H. erythraeum Lint. 

H. farrense Hanb. 

H. proximum Hanb. 

H, angustisquamum (Pugsl.) Pugsl. 

H. eu stales Lint. 

H. insulare Hanb. 

H. leyianum (Zahn) Roffey 
H. holophyllum W. R. Lint. 

Subsect. En-V^dgata 

H. vulgatum (Fr.) Almq. (triviale Norrlin) 

H. acroleucum Stenstrorn 


H. neopinnatifidum Pugsl. ined. (pinnatifidum 
Lonnroth, non Willd.) 

H. lepidulum Stenstrorn 
H. macu latum Sin. 

H. roffeyanum Pugsl. 

H. surrejanum Hanb. 

H. megapodium Dahlst. 

H. subamplifolium (Zahn) Roffey 
H. subminutidens (Zahn) Pugsl. (adlerzii 
Hanb., non Almq.) 

H. diaphanum Fr. 

H. praesigne (Zahn) Roffey 
H. diaphaiioides Lindbg. 

H. rectulum Le\' 

H. })ulchrius (Ley) VV. R. Lint. 

H. subrnutabile (Zahn) Pugsl. 

H. daedalolepioides (Zahn) Roffey 
H. anglorum (Ley) Pugsl. 

H. tunbridgense Pugsl. ined. 

H. lachenaiii Gmelin (sciapliilurn auct.) 

H. strumosum L(‘v 
H. aeuminatum .lord. 

Transitoria 

Sect. Alpe.stri(i 

H. dovrense Fr. 

H. pulchelliforme (\\'. R. Lint.) Pugsl. ined. 

(pulchellum Williams, non Lindbg.) 

H. zotlandicum Beeby 
H. psoudo-protraetum Pugsl. ined. 

H. iiethlandiae (Hanb.) Pugsl. ined. 

H. australius (Beeby) Pugsl. ined. 

H. subtruncatum Beeby 
11. breve Beeby 
H. praethulense Pugsl. ined. 

H. vinaeeum (Beeby) Pugsl. ined. 

H. northroense i^ugsl. ined. 

H. dewarii Syme 
H. perthense Williams 

Sect. Prenanthoidea 

H. prenanthoides Vill. 

H. dentic'ulatiim Sm. (borreri Syme) 

Sect, Tridenfata 

H. caeuminum Ley 
H. hibernicum Hanb. 

H. longiramosum Pugsl. ined. 

H. cambricogothieum Pugsl. ined. 

H. boreophilum (Zahn) Roffey 
H. calcaricolum (Hanb.) Roffey 
H. fragilicaule Pugsl. ined. 

H. calviceps Pugsl. ined. 

H. gothicoides ihigsl. ined. 

H. uiginskyense Pugsl. ined. 

H. trinif-atis Pugsl. ined. 

H. backhouseanum (Zahn) Roffey 
H. pseudacrifblium Pugsl. ined. 

H. scullyi VV^ R. Lint. 

H. ardaricum Pugsl. ined. 

H. stewartii (Hanb.) Roffey 
H. subintegrifolium Pugsl. ined. 

H. stictophyllum Dahlst. 

H. sparsifolium Lindbg. 

H. oligodon (Lint.) Pugsl. ined. 

H. linguans (Zahn) Roffey 
H. substrigosum (Zahn) Roffey 
H. donegalense Pugsl. ined. 

H. grandescens Dahlst. 

H. placerophylloides Pugsl. ined. 

H. hartianum Pugsl. ined. 
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H. tridentaturn Fr. 

H. soabrisetum (Zahn) Koftey 
H. cantianuin Hanb. 

H. nidense (Hanb.) Roffey 
H. trichocaiilon (Dahlst.) Roffey 
H. eboracense Pugsl. iiied. 

H. rhayaderense Pugsl. ined. 

H. lissolepiurn (Zahn) Roffey 

Aphylloj)od(t 
Sect. Foliosa 

H. latobrigoruin (Zahn) Roffey (auratum 
auct. angl.) 

H. druminondii Pugsl. ined. 

H. neocoryinboHiiin Pugal. ined. 

H . Hubcrocaturn ( Lint. ) Roffey 
H. bartonii I^iigal. ined. 

H. subpolyphyllnni Pugal. ined. (polyphylliini 
Dahlst., non W’illd.) 

H. reticulatuin Lindbg. 

H. atrictiforme (Zahn) Roff«‘\' 

H. opsianthnni (Dahlst.) Roffey 
H. lister^e Pugal. ine?d. 

U. pseurlamplidentatuni Pugsl. ined. 

H. bakeraniiin Pugsl. ined. 

H. ta venae Ley 

H. pyenotrichuni (Dahlst.) Roffey 
H. niaritiniuni Hanb. 

H. obesifoliuin Pugsl. ined. 

Sect. VmheUnla 

H. uinbellatuni L. 

H. ogweni Lint. 

H. l)iehlorophvIIurn (Druee & Zahn) Ihigsl. 
irunl. 


Sect. Sabauda 

H. obliquum Jord. emend. 

H. sedunense ((iremli) Roffey 
H. argutifolium Pugsl. ined. 

H. eminenti forme Ihigsl. ined. 

H. virgultorum Jord. 

H. rigens Jord. 

H. vaguin Jord. 

H. Hublactucaceurn (Zahn) Druce 
H. cahatum (Hanb.) Prjgsl. ined. 

H. subquercetorum ihigsl. ined, 

H. croceostylum Pugsl. iru'd. 

S ubgen us FJ LOS K LL A 
A caidia 

Se(‘t. PiloseUina 

H. peleterianiim Merat 
H. pi lose! la L. 

( fiulitjera 

Sect. AHrlculina 

H. laetoeella W’allr. (auri< ula auct., non L.) 
H. htdveolum (Dahlst.) Pugsl. inerl. 

Sect. Pratpn.sina 

H. fiagcllare Wilhl. 

H. colliniforme (NP.) Roffey 
H. aui’antiacuni L. 

H. brunneocroceum Pugsl. 

Sect. Prapaltimi 

H. praealturn Vill. 

H. arvorum (NP.) Pugsl. ined. 

H. spraguei Pugsl. ined. 
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